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Paper No 148. 

CONSTRUCTION OP THE ONTARIO AND BERRI STREET SUB- 
WAYS, BROCK STREET TUNNEL, AND NOTRE DAME 
STREET VIADUCT. 

By Stuabt Howab]^ M. Can. 8oc. C. B. 

The writer, in describing in a general way the construction of the 
several works in this Paper, wishes to state that the structures dif- 
fer very little from works built for the same purpose, but hopes that 
the drawings and contemplated and final completed costs may iMi 
of some use to his brother Engineers. The writer, who was fortun- 
ate enough to liave charge of the designing and superintendence of 
the above mentioned works, wishes to thank Mr. P. W. St. George, 
M. Oan, Soc. C. E., under whose supervision they were carried out, for 
his courtesy In allowing him to write this paper. 

Concrete was used very extensively in all the foundations below 
ground, the masonry being all rock-faced Ashlar In regular courses, 
the backing being made up of large stones and concrete, well-bonded 
to the face ston<« ; th-e cement was t.h** be^t to be had in the market. 
and was mixed in the proportion of 1 of cement to 2 of coarat 
sand, for the Ashlar work and backing, and for the bridge seats 
and coping 1 to 1. 
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ONTARIO STREET SUBWAY. 

This subway was oon&tnicted to permit ot, a roadway being built 
under the C. P. R. tracks at Hochelaga, which at this point num- 
bered ten in all. The masonry retaining walls extend upon the 
south side, from the east side of the street in front of the Stock 
Yards hotel to the west side of Moreau street, and on the north 
side, from Moreau street to a point about 22 feet west of the west 
end of the subway proper, the walls being for a considerable dis- 
tance on solid rock. The descending grade at each end is 1 in 20. 
The bridge carrying the tracks being 165 feet in length, by 40 feet 
in width, with a clear headway of 1 2 feet, it was impossible to give 
any more height, as the lower portion of the subway could not have 
been properly drained. The total length of the retaining walls is 
as follows: upon the south side, 649 feet, and on the rorth, 378 feet, 
and are built according to the sections shown on plate 18, and 
stepped down so as to conform to the natural surface of the upper 
ground. The clear span between the perpendicular retaining walls 
is 40 feet; the copings being at the upper ends about 2 feet above 
the street surface and 16 feet al the subway, and surmounted by 
an Iron fence composed of cast-iron posts placed every 10 feet, with 
3 lines of 1 1-2 inch gas pipe, the fence being 3 feet 3 inches in 
height; this fence Is returned across the bridge on the limit of the 
Railway Right-of-way, the posts being bolte'd to the trough plates, 
and to a plate holding in the concrete, in which the ties are bedded. 
The subway bridge is 156 feet long and 40 feet In width, with a 
central wall extending the entire length, on which are bolted 14 lat- 
ticed channel columns, carrying plate girders of a depth of 2 feet, 
the ^nds of these girders resting upon the bridge seats of the abut- 
ment walls. At right angles to these plate-girders are bolted iron 
trough plates, the ties being bedded in concrete in these troughs, 
and brought to the proper railway grade. The concrete for this 
work was composed of 1 of Portland cement, 1 of clean river sand. 
and 4 parts of broken stone. 

The excavation under the tracks was taken out without interrupt- 
ing the railway traffic, piles having been driven close to the side of 
the rails in such a position as not to interfere with the masonry 
work : they were them cut off and capped, amd stringers slipped in 
nmder iStie HbsB, the whole nrnkin^ a pile tTe^lework. The retaining 
wall at the west end was returned up the east side of the street in 
front of the Stock Yards hotel, a distance of 50 feet, the street be- 
ing graded to give easy access to Ontario street. The subway from 
end to end has been paved in scoria blocks, 5 foot sidewalks laid, 
new drain put in, as also water and gas pipes, and gullies. 



Brock Street Tunnel. '7 

The estimated cost was $85,000, and the actual cost as per details: 

Barth ezcavaUon 11,970 cub.-ydB. at 29)fc cents = | 8,581.15 

Kock excavaUon 52 " 80% " = 41.86 

Eock faced Ashlar 3.061 " $8.57% :== 26,248.07 

Cut stone Masonry 200 " $10.25% = 2,051.00 

Stone behind walls 663 " $3.00 c= 1,989.00 

Temporary trestle = 3,600.00 

Timber in same— price allowed for old t= 1,215.00 

Paving = 11,905.91 

Fencing _- 1.200.00 

Doncrate = 5,000.00 

Iron superstructure and columns = 16,400.00 

Superintendence and sewers ;= 10,476.00 



$83,557.99 
The cost of the subway proper under the tracks, including excava- 
tion, masonry, temporary bridge, bridge and floor system, amounted 
to $38,000.00; the cubic contents measured to the outside of the 
masonry walls were 169,000 cubic feet, equalling 22% cents per 
cubic foot; $243.00 per lineal foot of subway, or $4.50 per square 
foot of area. 

The contractors for the ironwork were the Dominion Bridge Co., 
and for all the other items Messrs. Laurier, Rheaume & Desormeau. 

BROCK STREET TUNNEL, 

This tunnel was constructed, to open up a roadway from Craig 
street to the wharf, and is situated at Beaudry street, about eight- 
tenths of a mile east of the Post Office, and a third of a mile east of 
the Berri street subway, and has already proved its great use, the 
carters being able to take double the load they were formerly able to, 
the approach from the wharf being so heavy and the descending 
grade so steep by the ramps to Notre Dame street and down again 
to Craig street. The total length of the tunnel and approaches is 
905 feet, measured from the south side of Craig street to the south- 
erly limit of the Canadian Pacific Railway's cribwork on the wharf; 
the tunnel Itself from portal to portal has a length of 666% feet with 
a grade of 1 in 48. 

The approach at the Craig street end is 200 ft. long and 40 ft. wide, 
with a 10 foot sidewalk on the west side, leaving a clear roadway of 
SO feet. Upon the east side of this approach is a maBonry retaining 
to Notre Dame, of a width of 35 feet. This roadway has a grade of 
wall, which sustains an upper roadway leading from Craig street 
1 In 14%, the height at the north portal being 21 feet above the tun- 
nel floor. The coping of this wall is stepped to suit the grade of the 
upper street, with an iron pipe fence similar in construction to that 
at the Ontario street subway. 



38 Brack Street TrnmL 

The portals of the tunnel are of maaonry, and extend a length of 
8 feet, the arch stones being toothed so that the courses of brick- 
work are built into them exactly. The arch is a semi-circle with a 
radius of 15 feet, and springs from the floor of the tunnel, thereby 
giving a clear headway at the key stone of 15 feet The brickwork 
at the haunches immediately above the masonry springing course is 
4 feet S inches wide, and is stepped up until at the key It Is 1 foot 
6 Inches in depth. 

The intrados of the arch is of fire brick, 9 inches in thickness, 
the backing being of hard red bricks, the whole being laid in cement 
mortar, 1 of cement to 2 of sand; this brlekwork has been most eare- 
fnlly laid, and thoroughly bonded, and all the courses kept perfectly 
straight throughout. On the top of the brickwork, and extending 
nearly to the haunches, is a thickness of 9 inches of concrete, com- 
posed of 1 of cement, 2 of sand and 4 of stone, and over this concrete 
No. 20 galvanized corrugated Iron; the stone filling to the underside 
Of the tunnel roof planking being carefully laid In by hand antf 
well consolidated. This stone filling acts as a drain, any water 
from above descending to the 6 inch open jointed pipe which is laid 
upon a bed of concrete, and on the same grade as the tunnel. 

The north end of the tunnel for a distance of 103 feet was built in 
open catting, as the depth over the crown woiild not admit of tunnel- 
ing; and the excavation did not interfere with any traffic After 
the brickwork, concrete and iron were completed, the excavated ma- 
terial was filled over, and again brought to the original surface. 
This work, as also the north east retaining wall, was completed 
December 15th, 1898. 

The south approach consists of a bridge to caxry the tracks of 
the Canadian Pacific Railway; the abutments are 36 feet apart with 
a mean length of 89 feet, and. In order not to interrupt the traffic of 
the railway, the tracks had to be carried by a temporary trestlework. 
As at the Ontario street subway, piles were driven from above and 
close to the track; they were then cut off below the surface, and 
timber caps put on; stringers were then slipped under the ties, form- 
ing a regular timber trestlework; the excavation was then proceeded 
with, and cross bracing put in wherever necessary. The piles were 
driven in such a position as not to interfere with the building of the 
abutments. This mode of procedure was most satisfactory, the en- 
tire work being done very expeditiously. The tracks are carried 
upon eight plate girders, 2 feet 6 Inches deep, put In In pairs and 
braced sideways by latticed girders; the fioorlng Is composed of 10 
Inches x 10 Inches creosoted timbers laid close together, the Jo'nts 
being thoroughly caulked with oakum; this structure cost $4,900.00. 
On the outside of the south portal hollow quoins were left In the re- 
cesses of the abutments. Into which solid lock gates 12 Inches thick 
and 14% feet in height are fitted, the gates closing against a 12 inch 
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timber, let Into the mitre wall, and well bolted; this timber is put 
in after the close of navigation, a 6 inch plank taking its place 
during the summer season. This gate was to prevent the entrance 
of the water during any rise in the river, but the water finds its way 
from behind the abutments, and up into the tunnel by Its pressure, 
and is of little use except to prevent ice entering the tunnel and in- 
juring the walls. The difference of level between the wharf and 
Craiig street Is 21 feet, the highest freshet known being 13^ feet 
above the floor of the tunnel, at the south end. 

The drifting of the tunnel was accomplished without any accident 
whatever, and the timbers were placed as shown on the section. A 
heading was first drifted from the south end about 10 z 11 feet, 
and timbered; the excavation for the tunnel itself was then carefully 
done, the timbering being put in as soon as each section was excav- 
ated, until the whole area required was complete. Tim upper rodi 
longitudinals as also the roof boarding were left In. When the 
masonry haunches were completed, the centering for the brickwork 
proper was put In, and the upright timbers cut out one by one as 
the work progressed, the roof timbers being supported from the 
brickwork. After the concrete over the arch was done, the corrug- 
ated iron was put In position and the space above filled in with 
large sized broken stone. 

The tunnel was built from both ends, and when the walls met, no 
difference was found either in alignment or level. The key of the 
arch Is of stone. When the walls met in working from each end, a 
shaft was sunk from the street above, and the brickwork completed, 
an Inscription stone containing the city archives, coins of the realm, 
photographs, and plans in a copper box being placed in the side 
wall. In the tunnel there were used approximately 350,000 fire 
bricks, 1,300,000 hard red bricks, 1,450 cubic yards of masonry, 1.110 
coble yards of concrete, 50,000 pounds of corrugated iron, 3,600 cubic 
yar^ of stone filling, and 15,000 cubic yards of excavation. The 
north approach has been paved with scoria blocks, the tunnel and 
south approach with porphyry blocks. The roadway is 25 feet in 
width with a 5 foot elevated sidewalk on the west side only, pro- 
tected by an iron pipe railing. 
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"Enginttrtf BHimate of Cost" 

Excavation for walls and open built tanneLc ye. 6,750 at 50c. _ ^,375 00 

Pilling over tunnel (open cut) «* 2,200 •• 25c. ' 650 .00 

Masonry in retaining walls *' 900 " $9.00 8,100 00 

do in north and south porUls '' 390 •' $12.00 4,680 00 

Gut stone copings, walls and portaU '* 80 '< 14.00 1,120 00 

Excavation for Can. Pac. Ry. bridge *' 1,650 " 1.00 1,650 00 

Pulling down and rebuilding old ramp 

wall «* 146" 5.00 725 00 

Stone behind walls *• 250** 2.50 626 00 

Temporary C. P. R. bridge 1,500 00 

Open built tunnel L. ft. 96 x $126.00 = $12,096 00 

Tunnel drifted (per lin. foot). 

Excavation cys. 27 at $ 1.50 » $40 50 

Keystone « .056" 12.00 66 

Masonry foundation. " 1.54 « 10.00 15 40 

Fire bricks in. 600 " 40.00 24 00 

Red do " 2,000 •< 24.00 48 00 

Concrete .cys. 2" 9.00 18 00 

Corrupted iron .... lbs. 85 <* 10 00 850 

Stone behind wall.. cys. 1.7 ** 3.00 5 10 

Tile pipe, 6" 1 ft. 2 '* 0.35 70 

Centres and headings *< 1 *< 9.00 9 00 

Pilling over arch... cys: 4,25** 1.00 4 25 

Extras 89 



$176 00 X 557 feet » 98,032 00 
$132,453 00 
The contractors' final estimate for this work amounted to $131,696 67. 

The other items In the Engineers' Approximate Cost, not included 
in the contract for the tunnel proper, were aa follows:— 

Railings on Copings and in Tunnel, 942 lineal ft. at $1.76 = I 1,648.00 

Iron Bridge to carry C. P. R. tracks = 5,000.00 

Floodgates at South Portal ^= 400.00 

Porphyry Paving in Tunnel.. .. 1,964 sq. yds. at |4.50 = 8,888.00 

Sidewalk in Tunnel 300 '* ** 3.50= 1,050.00 

Curb in Tunnel 667 lin. feet at 70c. == 467.00 

Curb at North End 200 " " $1.00 = 200.00 

Scoria Block Paving 1,092 sq. yds. at 3.50 = 3,822.00 

Drains and Macadamizing = 4,200.00 

Engineering and Contingencies = 17,000.00 



$42,625.00 



This work was completed for the sum of $42,304.00, tlM 
Engineer's estimate for the total work being $176.078.00 ; 
whereas the total cost when completed was $174,000.00. This amount 
really covered many little items which were unforeseen. 
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The contractors for the tunnel portion of the work were Messrs. 
Lafontaine & Lemoine, and the iron bridge was put in by the 
Dominion Bridge Co. 



BERRl STREET >SUBWAY. 

Thd6 subway was commenced ait the end of May, 1893, an>d before 
the winter set in the whole work, with the exception of the paving, 
was completed. This subway was designed to give an easy approach 
from Craig to Commissioners* street, Berri Lane, or Barrack street 
being widened, and a new street opened up between St. Louis and 
Notre Dame streets. The subway proper extends from Champ de 
Mars street to the Canadian Pacific Railway freight shed, a total 
distance of 430 feet. The approach from Champ de Mars street has 
a descending grade of 1 in 39 to the arch under Notre Dame street 
a distance of 180 feet, the roadway under the arch and the eastern 
approach from Commissioners* street being practically level for a 
distance of 250 feet. 

Between Champ de Mars and Notre Dame streets there is an up- 
per roadway upon the south side of the subway, with a width of 20 
feet, and upon the same side, extending from Notre Dame to Com- 
missioners' street, a similar upper road of a width of 30 feet. Heavy 
retaining wafls are built to sustain these roadways, the copings be- 
ing stepped to suit the grades of the streets, and surmounted by an 
iron pipe fence similar to the other structures already described. 
The arch was originally designed with a clear span of 45 feet, as 
permission could not be obtained from the Hospice St. Charles to 
build the north westerly retaining wall upon their property, but, at 
a later period after nearly all the arch stones had been cut, and the 
centree miadie, ipermiifietoni by ithe Hospditaili aiuthonlties was granted 
and the span widened to 52 feet. Any engineer now viewing this 
arch would naturally say, what an extraordinary structure, an arch 
at one end with the abutment carried forward to carry an iron 
viaduct. Why was it not all carried out in iron? When the Berri 
Street Subway was designed, no plans had been made, nor was the 
fdea broached of any extension of the Canadian Pacific Railway in- 
to the present Place Viger Station, but when the work was well un- 
der construction, the scheme matured in time to prevent the build- 
ing of the north westerly retaining wall. 

The arch centering was made very strong, the lagging only being 
carried down to the top of the third course above the springing; 
many centres are made so weak that the weight of the arch stones 
causes the haunches to settle, and the c?rown to spring up. Caise 
was also taken to build the arch evenly from both sides, so as to 
distribute the weights carefully; all the stones being used were also 
loaded upon the centering, keeping it In place. 
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The change in the span of the arch necessitated a great deal of 
extra work; new centres had to be made, and about 8 feet in height 
of the northerly abutment torn down, and moyed forward 7 feet 
By referring to the drawing of the areh, you will see that 
it l8 formed by radii from seven centers, which were ar- 
ranged so that the curve might conform as nearly as 
possible to a true ellipse. In order to utilize as many as 
possible of the old arch stones, only a few had to be thrown 
out, the same radii being kept, and a new central one of a 
larger radius or 46 feet 6 inches inserted, raising the key stone, only 
6 Inches. The arch stones were cut very truly to the radii, and the 
whole structure built most carefully, and when the centres were re- 
moved no settlement whatever could be measured. The section of 
the arch shows clearly the top crown line, which was formed of 
masonry whenever depth would allow, and concrete in the shallow 
portions, the whole being covered with a 3 inch thickness of asphalt, 
allowing any water to drop into the back stone flllinK, and out 
through the weepholes. The retaining walls were built according 
to the section shown, with a face batter of 1 in 12, the coping being 
laid on a perfectly straight line, and with an iron pipe fence on top. 
The old retaining wall on Barrack street which the writer had the 
pleasure of building some years formerly was demolished, the stone 
as far as possible being used in the new work, and the south end 
of the Dalhousie Square depot was underpinned, and reconstructed 
to correspond with the other faces of the building. An iron stair- 
case was built opposite St. Paul street, for pedestrians to descend 
to the lower level or subway. The writer has given sections of two 
elliptical arches, one with a rise of l-3rd of the span, the other rise 
being l-4th of the span, together with a table showing, by letters, 
the spans, radii and dimensions, which he hopes will be of some 
practical use. 

Engineer fl' Estimate for Subtcay ictth 45 Foot span ^rch. 

Excavation cut), yds. : 

Pilling over arch " 

Masonry in old wall torn down 

and rebuilt 

Masonry in arch abutments. ... " 
Masonry in arch stones and copings 
Masonry In retaining walls., .cub. yds. 

Asphalt on arch sq. yds. 

Stone behind walls cub. yds. 

Cutting down wall at depot... " 

Paving in scoria sq. yds. 

Engineering and contingencies 



$,000 at 


45C.= 


111,250.00 


MO •• 


80c. — 


270.00 


800 •• 


16.00 = 


4,800.00 


650 " 


9.00 = 


6,960.00 


267 " 


14.00 = 


8,798.00 


3,410 •• 


9.00 = 


30,690.00 


400 " 


2.60 = 


1,000.00 


650 " 


2.60 = 


1,625.00 


360 " 


4.00 = 


1,440.00 


3,637 •• 


8.60 = 


12,730.00 

10,500.00 










$83,993.00 
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Deduct north-west wall, 922 cubic yards at 19.00.. .. 8^8.00 



175,695.00 
Add additional cost of altering to 52^ span 2,000.00 



177,696.00 



The 46 foot span according to these figures would amount to |280 
per foot in depth of arch, and for a 52 foot span $310 per foot in 
depth of arch. The cost of the arch proper according to contractors' 
figures amounted to |281 per foot in depth. The total cost of the 
contractors' work, including paving, amounted to $67,000, and the 
engineering and contingencies the sum of $10,255, making a total of 
$77,255. The contractors for the arch, paving and walls were 
Messrs. Madore and Frechette. 



NOTRE DAME STREET VIADUCT. 

This viaduct has been built on the lines of Notre Dame street, be- 
tween the Beral etreeiti ouSyway leMh and the Baat 0lde of lAcrodz 
street, for the accommodation of the Canadian Pacific Railway, their 
tracks leading to the new Viger Square Hotel Depot, passing be- 
neath the structure. The northerly abutment of the Berri street 
arch had to be widened, not altogether for its additional strength* 
but in order to suit the spans of the bridge itself. 

In addition to the two abutments, the northerly one of which was 
carried down Lacroix street on a curve, there are 21 pedestals with 
copings 3^ feet x 12 feet, and 22 with copings 3^ feet square. The 
pedestals as far as the north end of the old Dalhousie Square paM- 
enger depot are at right angles to the axis of the bridge, the re- 
mainder as far as the north abutment being placed at an angle of 
54° 41> 80'^ so as to suit the curves of the tracks approaching the 
depot at Viger square the north abutment being parallel to them. 
The ^tal length of the bridge proper between the abutment bridge 
seats being on the west side, 437^ Z''\ on the centre line, 452^ 10^ 
and on the east side, 468^ 6^^ The width of the bridge between the 
outside plates is 52^ 3^^ the five lines of columns being placed 11 feet 
centre to centre. The columns are composed of 2 channel irons* 
and one eye beam, resting upon rocker bases, having also rockers at 
the top, to allow for the contraction and expansion of the steel. 
Upon these columns which are thoroughly braced transversely are 
placed the longitudinal plate girders. The spans of these girders 
are, 4 clear spans of 38' 3'^ 2 of 5(y 2^'^, one of W 2K^ and one 
of 59' 6^', and one lA^ 1^^^ besides the tower spans. The columns 



< 



44 , Notre Dame Street Viaduct, 

on the long pedestals are placed 7^ 9%^^ centre to centre, which 

constitute the towers, the depth of the girders heing 4' 3'' deep for 

the short 38' V Sfpans, and 6' Z'' for the loangw o»n«e». 

On the top these girders and at right angles to them are placed 
the iron floor beams, composed of 10 ^'^ eye-beams, extending the 
whole width of the bridge, and at 4 feet centres; upon these eye- 
beams, which are bolted to the girders, are placed the 3-16 inch 
buckled plates, the buckled portions being 4 ft. sq., and made in long 
lengths; these plates are riveted to the eye-beams and strengthened 
longitudinally byT bars. The roadway is composed of concrete and 
wooden block paving, with a stone curb, and firimite sidewalk of a |o 

width of 8' IW upon each side, leaving a clear roadway be- 
tween the curbs of 36 feet, a double electric car system of tracks 
being placed in the centre, the trolley poles which are of Iron being ^/ 

bolted to the outside plates and bracketted to the columns. The 
buckled plates before the concrete was laid were painted with hot 
asphalt, which has had the desired effect of making the bridge al- 
most perfectly water tight. The fence posts were of cast-iron 3 
inches in diameter, with bosses; they were placed every 8 feet, and 
bolted to the outside plates; there are 4 lines of 1% inch gas-pipes 
passing through them, the top bar being 3' 4" above the sidewalk 
level at the outside of the bridge. Tke triangular portion of the 
bridge down Lacroix street has a length of curved abutment of 140 
feet. And on the south side one column and 2-60' girder spans of 
a depth of 6 feet, girders extend from these outside girders to the 
brfdge seat of the abutment, of a depth of 3 feet, and at distances of 
13' 8" parallel to the main bridge. At right angles to them are 
pTaced 12 inch eye-beams, at 4 feet centres; and on these the 
buckled plates and scoria block paving with concrete. During the 
construction of the bridge a temporary roadway was made upon 
trestlework, west of the structure, so that fhe traffic was not much 
interfered with, the cars being carried this way, and only stopped 
when the connections were made at the north end. The old wall 
along the east side of Notre Dame street, which the writer also 
constructed for the Canadian Pacific Railway, had to be torn down, 
a great quantity of the stone being used in the bridge abutments 
and pedestals. 

II would be well to note here that this wall was built during the 
winter months, the thermometer being from 15° to 20 o below zero 
for days together, the sand and cement were warmed, as alaio the 
water, and the stones subjected to a steam Jet to thoroughly <ilear- 
off any snow or ice, and yet we had great difficulty In pulling this 
wall apart, showing conclusively that masonry can. Without any fear, 
be built during winter time, care being taken. 
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Notre Dame Street Viaduct. , 45 

Engineers* Eatimaie of Coat, 



Excavation cub. yds. 28.000 

Tearing down old walls " 1,300 

Temporary bridge and grading 

road 

Masonry in abutments cub. yds. 1,400 

Paving and sidewalks sq. yds. 2,720 

Masonry in pedestals cub. yds. 414 

Cutstone on pedestals and bridge 

abutments " 180 

Removal, etc., of water-pipes 

Stone-fllllng behind walls.. ..cub. yds. 100 
Superintendence and contingencies 



i 0.65 


$18,200.00 


1.50 


1.950.00 




8,000.00 


9.00 


12,600.00 


8.50 


9,520.00 


10.00 


4,140.00 


14.00 


2,520.00 




2,500.00 


4.00 


400.00 




15,000.00 



$•9,830.00 



Iron Superstructure. 

In colums 110,000 lbs. 

In girders 460,000 " 

Buckled pUtes ft T beams 260,000 " 

Floor beams 165,000 " 

In cross bracing, etc.. .. 97.000 " 1,082,000 lbs. at 3V6 cts., $35,666 
which equals a total cost of $105,495.00. The amounts paid 
were to the contractors, Madore & Frechette. $43,270.00 : to the 
Dominion Bridge Co.. $35,505.00; for blocks for roadway altera- 
tion of water pipes, superintendence and small contingencies. $24.- 
191,000. or a total of $102,966.00; the amount of iron in the Bridge 
.Co.'s tender was 1,090.000 pounds. 

The Lacroix street portion was estimated at $25,000.00; and the 
amounts paid were to the contractors, Madore & Frechette, $16- 
621.00; to the Dominion Bridge CJ., $6,568.00, and for superintend- 
ence, $1,600.00, a sum total of $24,689.00. 

Caking out the items in the bridge proper, namely, pedestals, 
steelwork and flooring, the structure being to back of bridge seats, 
a mean of 460 feat in length, a width of 52 feet, and an averagte 
depth of 30 feet, the cuhic contents would be 717.600 cubic feet, at 
a cost of $40,425.00; or 5.63 oents per cubic foot, $88.00 per lineal foot 
of bridge, or $1.70 per square foot of area. The columns are 22 feet 
long, and any extra depth can be allowed up to 30 foot columns by 
adding $1.25 per cubic foot to the above cost. 

Note.— The i^e/bes in commlectaan wdtlh this piEMper (following) have 
been inoorrectliy en«nnaTed as bieAooglng to Vol. XIII. 



Thureday, 16th Bf&^cli. 
Db. H. T. Bovey, Presi<d!ent, in the Clialr. 
Mr. L. Skaife gave notice of his intention to bring forirard tlia 
folkywlng motion : " That the rooms of the Society be kepH open on 
all pnfbUc holidaya.*' 

A short paper on "The Canadian Padlto Rail-way Tranefer SUp,** 
by Mr. H. J. Wadaworth Finch, Stud.Oan.8ocG<J3., was read. 



Thursday^ 29th March. 
Db. H. T. Bovey, President, in the Chair. 
-Frof. R. B. Owens delivered the foturth, and last of a oourae ol 
lectures on the " TranamlsBiovi of BlectrioeJi Power."— (VoL XIIL* 
Part 11.) 



ThuiBdtay, 12th April 
Db. H. T. Botbt, PrasflidiaDlt; igk thfe Obal^ 
The following donation to the Library was announced: — 
"Architectuml Enerineering/' from Mr. Paul Weathert>e, A.MXIaa. 
90C.C.E. 

Mr. L. Skaife, seconded by Mr. T. W. Leeage, moYed: "That the 
roomB oi the Society be ke|>t open on all pulbllc holidays/' 

Moved in amendment by Mr. G. Janln, "That the matter' be re- 
ferred to the liibrary Oommtittee, with the addition, that the Society 
thinks that it is not necessary to keep the rooms open on holid^ays." 
After some disfoussion, Mr.^Skaife withdrew his motion, and tiie 
matter was allowed to drop. 

Messrs. J. S. Vindln, L. Skalfe and R. T. Qough, having been 
appodnted scrutineers of the ballot for the election of memlbeiv, 
dedared the foll<owlng elected: — 

Mkmbebs. 

C. H. Davis, W. A. Jouitbon, 

J. Q. Sullivan. 

Associate* Members. 

E. A. FOBWABD, B. H. Praseb, 

H. B. Walkem. 

Transferred from the class of Associate Member to the class ef 
Memiber: 

R. S. Lea. 

Transferred from the class of Student to the class of Associate 
Member: 

R. B. Hunter. 

Students. 
H. M. Davy, A. J. R. MAoDotTGAL, 

A. L. KiLLALY. R. T. MacKeen. 

A. C. Macdougall, J. P. Walker, 

F. A. Wise. 



lajjer 3o. i4U. 

PURIFICATION OF SEWAGE BY MEANS OF THE SOIL 

(Sewage Farm). 

By Geo. Jajhijx, A.M.Caw.Soo.C.B. 

PKOTECTION OF WATEB SUPPLIES BT THE SUPPRESSION OF THB 
BITEBS' POLLUTION. 

In mentioning the danger of polluting by the sewage of the 
cities the streams which generally supply drinkable water to these 
same cities or their surroundings, we must give credit to Great 
Britain for having first submitted to her scientists the study of this 
great question, which brought on, in 1878, the vote, by the 
British Parliament, of the "Rivers' Pollution Prevention Act," oblig- 
ing the municipalities to practically eliminate the noxious princi- 
ples of sewage water before emptying it in the streams. 

England's example was followed in the whole of Europe, especially 
in Paris, where the "Roads and Bridges Engineers Corps/' to which 
1 had the honour to betong, has made the moet marveilous progreas 
in the establishment of purification fields at GenneTiUiers and 
A chores. 

Unfortunately, in this country, we do not follow this example, 
and, boasting of the ampleness and copiousness of our rivers, our 
municipalities seem to court epidemics, in spite of the advices of 
their Boards of Health, and empty their impure f-ewage in the 
streams at the bottom of which generally lie deposits or banks of 
sawdust froip bhe' numerous mdUei Unlng jtjhie ohOPeB. 

This neglect of the interests of health arises principally from the 
considerable expenditure anticipated by engineers in estimates baaed 
on special methods of treatment for sewage water. If, then, the most 
practical and cheapest system of sewage farms continued without 
any serious enquiry to be declared unsatisfactory and unavailable 
in our climate, there would be a danger of sewage pollution of 
streams becoming permanent in this country, to the great detriment 
of the purity of our water supplies generally. 

In order to aeffist in oounteraicting thd4» staite of things, ItAie author 
of thie paper will endeavour to decitroy any .prejudiloe which may 
fftill exiet agailnelt sewage farms ajnangat the mieimbers of the pro- 
feseion-. 

PURIFICATION BY THE SOIL AND AGBICULTUBAL UTIUZATION 
OF SBWAGE. 

Soil purification of sewage is the method now in favour in Eng- 
land. Germany and France. In the last named country, I had the 
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honour of co-operating in the installation of this system with the 
learned engineer Durand Claye and his collea«;iie, M. MafiBon, 
inspector of the drainage of the City of Paris. This prooMS consisti^ 
as you know, in the filtration of sewage water through a permeable 
soil affording a sufficient thickness and all facilities for the out- 
flow of the purified waters, either by a sufficient porosity of tha 
subjacent stratum or by artificial drainage. 

That the soil is the most perfect purifier of waters charged wltb 
organic matter is proTed, first, by the organic purity of spring water* 
second, by careful experiments with impure waters, which are sub- 
jected to analysis before and after percolation through the soil. 

THEOBT OF THB FUBITICATIOir OF BEWAGB F0T7BED ON THE SOIL. 

The following information is taken prindpaUy from the remark- 
able report of Mr. Schloesing, reporter of the Health Committee 
of Paris (France). 

When impure water, that of sewers for instance, is spread on 
light land, the insoluble matter remains on the surface. Some 
of the more minute portions, however, go a short way down, but 
soon stop; so that below a depth which varies with the nature of tha 
ground, but which seems never to exceed two or three inches, there 
are no more solid particles to be found. This is the first effect 
produced; it is simply a mechanical filtration. 

The water, now free from insoluble matter, goes down further, 
and an extremely thin coating of liquid gathers round each par- 
ticle of earth. Thus divided, the water offers an enormous surface 
to the air confined in the ground; and the second effect of irriga- 
tion then takes place, i.e., the combustion, by the oxygen in the air, 
of the organic matter dissolved in the aswage water. This is not 
a violent and visible phenomenon like fire; it is a slow combttstloii 
without any external sign, and which reduces all organic impurities 
into carbonic acid, water and nitric acid. This combustion is even 
more perfect than the other, for it bums up the nitrogen, which fire 
cannot do. 

As to the insoluble matter retained on the surface, it also under- 
goes slow combustion, especially when ploughing has divided it 
and incorporated it with the soil. All that remains is a fine sand 
which will constitute a part of the minerals in the ground. 

But how is it then that the oxygen of the air can under these 
conditions completely consume the organic matter of sewage and 
nitrify the nitrogen ? ^ . 

According to the researches of Messrs. Schloesing and Muntz, in 
In 1877-1878, this remarkable property is owing to the action of 
living organisms, existing in vegetable soil as well as in sewage 
water, and able, like the mlcroderma acetl and others^ the funetions 
of which Pasteur has so well described, to transport the oxygen 
of the air on organic matter. 
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These are the experiments of Mr. Schloeslng: If you poor rega« 
larly and in small doses sewage water on any kind of sand» mixed 
with a little humns and placed in a yertical glass tube, you will im* 
mediately get In the lower part perfectly pure water containing 
all the nitrogen of the sewage water in the form of nitric acid or 
nitrate* according to the nature of the sand. 

If for this mixture of sand and humus or arable soil yon substitate 
quartz sand calcined up to red heat, the pnrlHeaUon doee not teke 
place in the first days, but only after a few weeks, and then, how- 
eyer, as completely as in the first case. The iioter collected in the 
lower part of the glass tnbe is perfectly pure; it oontaina all tte 
nitrogen of the sewage water under the form of nitric acid. 

Further, if, in the second case, and whilst complete puriflcdilon te 
taking place, you send through the glass tube a current of chloro- 
form (experiments of Mr. Muntz), the purifying power ceasee com* 
pletely and resumes only after the sand has undergone a protracted 
washing. 

From these experiments we may draw the following conelif 
sions: — 

1. That purification by means of sand, free from organic matter^ 
does not take place in the first days of the watering, because the 
germs of the ndtrifyimg or^iiihsmB are theni non-exiateaLt- 

2. That these germs can be brought in by sewage water, and 
develop in sufllcient quantities within a few weeks* and 

8. That in vegetable soil, on the contrary, the purification begins 
Immediately because llhe oi^gamlsms a^ In ifu!Il poesession of the 
ground. 

The researches of Mr. Muntz indirectly confirm this explanation, 
for, as chloroform has the property of paralysing all organisms act- 
ing as ferments, the purifying power ceases as long as the ftctlefl 
of chloroform lasts. 

Let us now see, with regard to practical yrotk, what conclusions 
we can draw from these scientific notions, to be applied to the 
eholee of land intended for the purification of sewage water. As 
the action of air is indispensable and the water should get through 
the soil easily, the latter should as much as possible be light, per- 
meable and be of sufficient thickness above the sheet of liquid and 
the impermeable stratum. The filtered water should also be able 
to flow away easily either because the sort&ee of the impermeabls 
stratum ofFers an easy grade, or else artificially by means of 
drains. It Is absolutely necessary to get rid of the filtered water. 
It is easy to understand that, If it could accumulate in the same 
place, the thickness of purifying soil might be diminished and be- 
come too slight to secure complete purification. 

More or less arable ground, therefore, containing a greater or a 
smaller proportion of humus, Is suitable for purifjrlng sewage water. 
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whilst assimilating its fertilizing elements. But the poorest land, 
pure sand even, Eecures after a short time a purification just as 
complete, as the sewage water itself furnishes the germs of the same 
nitrifying organisms as those enclosed in the humus of arable landL 

In many documents relative to sewage water, plants are erroneous- 
ly classed with the soil as purifying agenU; the bare soil without 
any vegetation suffices for complete purification. 

Plants live on mineral compounds: carbonic acid, water, ammonia* 
nitric acid, phosphates, etc., and do not absorb organic substanoeib 
or only very small proportions of them. 

However, they help purification, but in another way, mechanically 
as it were. They facilitate and determine In a notable degree Um 
evaporation of the water poured on the ground, and thus contribute 
to getting rid of the liquids (experiments of Mari6-Davy in the 
municipal garden of Oennevilllers). Besides, they consume a large 
portion of the ammonia or nitric acid produced, thus removing It 
from the purified water. 

Therefore, as far as purification strictly speaking Is concerned^ 
cultivation is only of secondary importance; but from the agricul- 
tural standpoint this importance is very great, since we can thus 
make use of all the fertilising dements contained In sewage^ water. 
This is the experiment of Mr. Mari6-Davy: Four old stone-work 
tanks, 33 feet by 26, which had formerly been used for attempts 
at chemical purification, were filled to a height of 6 1-2 feet, with 
the average soil of the Gennevilliers' plain. Drainage pipes were 
placed at the bottom, which like the sides were covered with an im- 
permeable coating. This impure water poured into each tank and 
the purified water issuing from the drainage pipes were both exactly 
measured. Different plants such as lucerne, maize, beet rooto, com. 
etc, were cultivated on the surface, of the tanks and weighed with 
great care at harvest times. 

Out of 12,700 cubic yards of liquid introduced per acre in half a 
year, less than 848 reached a depth of six feet. Generally speaking, 
Mr. MarI6-Davy found that only one-fifteenth of the water poured 
on the surface reached the lower liquid level. 

Vegetation acts therefore as a powerful vertical drainer; the soU 
transforms the impure water received, oxydizes it and produces aa 
excellent liquid manure. 

Plants in their turn absorb for their own benefit the useful ele- 
ments of this manure, and give back to the atmosphere by mean3 of 
evaporation the greater portion of the liquid which has served as a 
means of conveyance. 

The soil is Itself highly enriched by the organic matter which it 
talKs from the sewage, and thus an economical value is given to the 
method of soil purification. Many analyses of vegetables grown on 
such soil have been made, and in no case has any diseased or unsafe 
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food product resulted from the use of these fields as market gardens. 
Thus, the filtration through the soil and the agricultural utUiia- 
tlon complete one another. Not only purification, but also restora- 
tion, accomplish themselves, and the system bears out the axiom 
of the learned English hygienist. Edwin Chadwick: circulation al- 
ways; stagnation, never! 

In order to demonetrate the hermlessness of this system, it is 
advisable to quote the opinions and the experimeiTts of a great many 
scientists, and first to mention the statement made by Dr, Frankland 
of the Royal Society who declares that: "Sewage, even though 
Infected with cholera and typhoid fever, has never, when employed 
In irrigation, communicated disease either to parties living on the 
land so irrigated or to the consumers of the products thereof." 

Here are now some extracts from a remarkable report made to 
the French benate In December, 1888, by Mr. Cornil* in a debate 
eonceming the purification of sewage water in Paris: — 

"There has been miuch attention directed lately as to what becomes 
of micro-organisms when they pass through permeable soil. With 
my assistants, MM. Chantemesse and WIdal, I have made — and Mr. 
Orancher on his side has also made— experiments to know what 
becomes of micro-organisms of a determined kind, easily recognized 
hy its characteristics, poured on the surface of one of these larg« 
tubes filled with Gennevilliers soil. 

"We have thus placed on the surface of our tubes microbes of 
typhoid fever, and we have sought if these micro-organisms of ty- 
phoid fever passed through the soil and were found in the water 
collected at the lower part of the tubes. Well, none pass through, 
even if the experiment is repeated for several weeks. Mr. Grancher 
repeated it for several consecutive months^ and was unable to find 
eren one. 

" The soil at a given depth is therefore absolutely impermeable 
to microbes. This fact has also been confirmed by a series of expert- 
ments of another kind. 

'* When, by means of perforating apparatus, you obtain a sample 
of earth collected at a depth of one meter and examine it with 
reference to micro-organisms, none are found. You cannot find 
any of those which have been sown on the surface of the soiL 
Therefore, the microbes do not pass into the water of the draina 
which discharge the liquid poured as sewage water on the surfacei. 

"After having filtered through a meter or a meter and a half 
of earth, this impure Water appears perfectly clean, clear, contain- 
ing scarcely any micro-organisms, and notably none of those sown 
on the surface. Thus, if you sow micro-organisms on the surface of 

* Senator and Professor of Microbiology at the Faculty of Medicine of Paris. 
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soil and coUeet what iBsnes from tha teat-tubes, U^ the dxalaaga 
pipes, no trace ia found of the micvo-organlama sown; they haTe 
remained on the way, at 80, 40» 60 centimeters beUyfr the surface 
of the ground. 

" They are not destroyed, but they are buried so to speak, and 
the soil is their cemetery. 

"In any case, these experiments in tubes are absolutely oon« 
elusive with regard to the clarification of the water. 

" These same experiments were made this year again in tanks at 
Oennevilliers, which had been used for chemical purification. 
These tanks are closed, in their lower portion, by an Impermeable 
eoncrete; they are therefore absolutely watertight and filled i^tk 
Oennevilliers soil. 

•* They have a surface of five acres, and a depth similar to that 
of the soil of the place, <.e., two meters or two meters and a halt 

" Sewage water was poured on this soil in considerable quantities 
for a certain number of days, or even for several months; then the 
water which had passed to the lower end was successively col- 
lected and found to be absolutely pure. 

" It was^ examined in a chemical and bacteriological point of view. 

" Chemically it contains very little dissolved matter. 

" The quantity of micro-organisms contained in this water varies 
between 40 and a maximum of 600 per cubic centimeter, whilst that 
found in sewage waiter is 80,000 to 200,000 per cubic contimeler. 

'* This water issuing from the Oennevilliers soil does not contalB 
any more micro-organisms than that of the Vanne or the Dhtiys*. 
This results from all the experiments, all the analyses, and specially 
those made by M. Miquel. There are no more micro-organisms is 
this water than in the pure sprinig water furnished to the Inha- 
bitants of Paris." 

After having heard the favourable opinion of so many learned 
men, after having passed through so many successful experiments 
made in the numerous purification fields of England, France and 
Oermany, how is it that this system needs still to be defended 
against certain prejudices ? 

For it must be admitted that despite its superiority it has ad- 
versaries. Some are in good faith, but have been misled by imper- 
fect exneriments. to which reference will be made later. Others 
are mere grumblers blindly following their preferences for other 
systems or directly interested in the working of rival schemes. 

Notwithstanding the evident superiority of the soil purification 
system, It is proper, considering the prejudices still existing, to 
Illustrate, even briefly, the rules regulating the establishment and 
working of the purification fields— the violation of which rules has 
caused the few failures of the system. 

♦ Rivers supplying water to the City of Paris. 
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The purification of sewage hy the soil caa be accomplished in 
two different ways: 

Ist The simple pouring or the fiooding of prairies and heaTy 
crops. 

2nd. The methodical watering in succession of lands used for 
intensiye gardening. 

The largest number of failures recorded can be ascribed to the 
first method often used in England. For, inspired by a pennywise 
economy, in order to deyote to the pouring the smallest possible 
surlace, this method causing flows of high graded sewage water, 
cannot easily agree with the rules of the methodical filtering of 
impure water through the soil. The result frequently is an im- 
perfect purification, and, in any case, a swampy aspect of the 
flooded fields as . well as disagreeable emanations for the neigh- 
bourhood. 

On the contrary, the following rules of the second method are 
always easy to observe; and their fulfilment is, in nearly all cases, 
crowned with success. 

I 

OPERATION OF THM PUBIFICATION THROT^OK THB SOU., WITH THK 
RULES ORIGINATINCi FROM SUCH OPSBATIOH. 

The operation process of purification through the soil admits of 
two motions, one of the water, the other of the air. 

The motion of the water consists of :— 

Ist The apportionment of impure waters on the surface of the 
ground, the filtering through the purifying soil, followed by the 
combustion of organic matters. 

2nd. The outflowing of purified waters. 

The motion of the air consists of an exchange between the soil 
and the atmosphere continuously renewing the oxygenic supply 
of the soil in proportion as such supply is spent by the combustion 
of organic matters contained in the water. 

Man has an entire control of the motion of water and must regu- 
late its pouring and outfiowlng according to the purifying power 
of the soil. 

There is evidently a close connection between those two motions 
and the purifying power of the soil; to wit: the aeration and the 
movement of the water are really the purveyors whilst the soil is 
the instrument of the purification. 

To sum up, the rules which govern a good and complete purifica- 
tion are as follows: — ^ 

First rule. To select ground porous enough to allow water to 
easily permeate and to give free access to a sufficient quantity of 
air for the working out of combustion. This degree of porousness 
or purifying power is determined by direct experiments, the best 
known being that of Dr. Frankland. which is as follows: — 
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In a vertical tube 2 meters in length and of O*" 25 t.o ()** 30 
diameter, the lower end of which rests on graTtl contained In a 
tank, samples of the different beds of the soil to be tested and 
placed in the same order in which they exist in the natural ground. 
You pour daily on the soil a known and constant volume of sewage 
w . 

during several weeks. Tou then pass to a higher dally dose of 
sewage which you again keep up for several weeks, and so on, in* 
creasing the dose constantly until the analysis of the filtered liquids 
shows that the maximum doea has been reached^ beyond whlMi 
purification is no longer complete. 

From this experiment it is easy to conclude what a square 
meter of the soil tested, and, consequently, what a hectare of 
it will purify at most per day or per year. We can only deduce 
from it the time required for purification, {.e., the length of time 
during which the impure water should remain in the soil before 
being discharged.' It is in days the quotient of the number of 
Hires of water which the soil can hold* by the number of litres 
of impure water this same soil can purify per day. 

By this method Frankland has shown that a cubic meter of pure 
sand or chalk can purify per day up to 33 litres of London sewage 
(litre— 61.017 cubic inches), and that soiLof mixed sand and clay 
or marl possesses ptill greater purifying power. 

Evidently, in working out these data, we must remember that in 
practical work on a large scale we cannot realize exactly the con- 
ditions it is easy to observe in a small experiment, and that it Is 
therefore desirable to reduce somewhat the maximum doses de- 
termined in the laboratory. 

Second rule. To regulate the time of pouring and the quantity 
of sewage water poured each time, so that the water may take to 
run through the filtering soil all the time necessary for its purifi- 
cation. 

Third rule. To underdrain, if necessary, in order to glye to the 
purified water a regular issue. 

In a word, the object is to obtain, as nearly as possible, a con- 
tinuous and regular distribution since purification, a phenomenon 
of slow combustion and .aeration — a mechanical fact — ^are both 
regular and continuous. 

These are. as briefly enunciated as pDiSsible, the laws of operation 
of the purification by arable soil. 

It follows from this expose, as said before, that high dosed pouring 
alone has caused partial failure; not because it is bad in itself, 
but because the rules of purification by the soil imply certain 

* A im-nhr wb»-b can easily bo fx-^rinj«»ntaM- def«»raiin«1 bv w'arblnR th« tube 
full of d'^v <»«r^b bpfor*» *"t:»-or1nclTte 'bp w<i*pr an-! weighing it ajf^Jn after BA'iirating 
content* anl allowinjr dii^cbarge nf Mqniti gurplus. 
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absolute conditions such as selection of the ground, apportionment 
of sewage waters, underdralnlng^ which are sometimes neglected 
on account of difficulties of ascertainment and of the great expenses 
they entail. 

0(n the contrary, in all ca^is where irrigation, has been moderately 
practised and where vegetation has helped purification, by retom- 
Ing to the atmosphere a portion of the purified water, success has 
been attained. To recall only a few of these successful experiments, 
I shall quote the purification field of GennevilUers (Paris), where 
the annual dose of Irrigation amounts to from one to four million 
gallons per acre; of Reims (France), where the do^e is about the 
same; of Dantzig (Northern Prussia), where the average annual 
dose is three million gallons; and of Aldershot Camp (Bngland), 
where the dose is also of about three million gallons per acre. A 
recent report (1899), made by Her Majesty's order to the Imperial 
Parliament, by Professor Fred. W. Andrews, M.D., F.R.C.P.. 
D.P.H., etc., on the working of this sewage farm, the products of 
which are principally used for dairy purposes, affirms the absolute 
Innocuousness of the system both with regard to odor and to the 
quality of the milk and butter produced by the animals fed on the' 
yield of the farm. Professor Andrews says, amongst other things: — 

" In concluding these remarks upon the farm, I will say that it 
"appeared to me to be an excellently managed one (by Col. Alt 
"Jones, V.C., Assoc. M. Inst. C. E.), and aa free from oblection- 
" able features as any sewage farm could be. I could detect no 

" nuisance at the time of my visit 

"I am unable to find any conditions on the farm liable to render 
" the milk produced thereon more dangerous for human consumption 
" than that from any other well-managed sewage farm, and I have 
" already stated that no evil results have yet been proved to occur 
" from sewage fed dairy produce as a whole." 

These purification fields not only fill the hygienic programme 
of coi^plete purification, harmlessness, absence of perceptible emana- 
tion for the neighbourhood, but also fill the economical programme 
as in Gennevilliers, where the value of land has increased fourfold 
since it is irrigated; in Reims where a company has rented the 
purification field for a period of thirty-six years, and after paying 
a heavy annual rental to* the city, still realizes large benefits, nid 
in Dantzig, where the purification field is rented at large profits. 

The testimony in favour of the system with regard to its already 
lengthy applications in Europe and the more recent ones in the 
United States could be multiplied, but it will be preferable not to 
go beyond the instances already mentioned and to discuss the 
last and principal objection of the adversaries of the system, 
i.e., that the severity of Canadian winters would Interrupt the work 
of purification. 
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Like at Dantzig, where the thermometer registers as many degrees 
of cold as here, aad where the system has been operating unin- 
terruptedly for twenty-flye years, It has been working successfully 
for three years In spite of the Canadian wintara at only a few miles 
from Montreal. The sewage water of St Laurent College has been 
successfully undergoing poriflcation since January^ 1896. The 
following extract from the annual report for 1897 of the Board 
of Health of the Province of Quebec confirms this, and also gives 
a description of the first sewage farm established in the proTlnee^ 
Plan is annexed. The extradt is aa follows:— 

" 6XWAOX FARM OF ST. LAURENT COLLEGE. 

" As we foretold in our last annual report, we can this year speak 
" by experience of sewage farms In our climate. 

"Effectively the St Laurent College, near Montreal, which dla- 
" charged Its sewage water in a small creek passing through the 
^ Tillage, entrusted in the autumn of 1897 the establishment of a 
"farm for distribution and purification of Its sewage to Mr. Q. 
" Janin, a civil engineer of Biontreal, who had formerly taken part 
" in the sanitation works of Paria 

" The works of this farm, which we fdlow-ed with attention, were 
" finished sufilcientlj early in the winter* and of January, 1898, to 
"enable us to state that, as we had supposed, the methodical dis- 
"tributlon of the sewage had gone on with ease in temperature 
" of more than 20 degrees Fahrenheit below zero. As there is no 
"reason for supposing that what took place in the severe winter 
"of last year will not equally take place in subsequent winters, 
"we can ooncJude that it is now proved that sewage farma are 
* perfectly compatible, with the climate of the FxoYinee of Quebec. 
" The eewa^e farm at St. Laurent College occupies a surfajce of 
" an acre and a hal^ and receives at present the sewage water of a, 
"population of about five hundred persons, or an average fioV 
" of 4,500 gallons of sewage water per 24 hours. This sewage, 
"which formerly was discharged % directly into the village ditch, 
" now passes through a lO-in'ch eat h4?n ware pipe into a 9.000 
"gallon tank placed beside the building containing the motive 
" power used for the different requirements of the College. 

"This tank is absolutely watertight, and can. In case of need, 
"contain all the sewage water produced in 48 hours. A centri- 
" fngal pump placed in a well beside the tank, and worked by the 
"ordinary coHege motive power, raises in about 40 minutes the 
" daily amount of sewage, and forces It through an iron duct three 
"Inches in diameter. Into a dlstsibutlon canal running along the 
''south side of the farm. In order that, after the pumping has 
"stopped working, nothing of a nature to obstruct may remain 
" ki the elevating pipe, it is emptied into the tank as soon as the 
"pumping kB over. 



Purification of Sewage by Means of the Sail. 57 

"From tbe distribution canal the sewage is directed at will t>y 
'* means of gates into any one of the twelve longitudinal and five 
"lateral trenches which divide the farm into fifty-live parallelo- 
"grams of fifty feet In length, and twenty feet in width each, on 
"which vegetables, fertilized and watered by the sewage, are cul- 
" tivated. In the middle of each of these parallelograms there has 
"been placed porous earthenware pipes of three inches diameter, 
"about four feet below the surface of the ground. This drain 
" collects the sewage water after it has undergone purification in 
"the soil*, and conveys it to a ditch running along the northern 
" aide of the^farm. This ditch ends in the village creek, into which 
"the unpurified sewage of the college formerly fiowed. 

" Around the farm, large ditches have been open«ed or regraded 
"In order to let the water of the neighbouring ground discharge 
"freely and to prevent it from invading the farm or overloading 
" the underground sheet of water below said farm. 

"To hinder the inconvenience resulting from the proximity of 
" the underground sheet of water, which in this low ground is only 
"a few feet below the surface, the level of the ground has been 
" raised by a filling of arable land, from sixteen to eighteen inches 
" in height 

*' Not only has the sewage farm worked uninterruptedly in winter, 
"as we have said previously, but during the summer the produce 
"has been very satisfactory although no great efforts were made 
"for cultivation. 

" Finally, then, we must note the success of this first application 
" in our climate of a system which works to the advantage of health 
"in the other countries of the old and new continents, and direct 
"to it the attention of our municipalities.'* 

The memibers of the profeeeion will find the 8ys»tem tried bath 
more completely and on a larger scale in the sewage farm of St 
Denis ward of this City. The works which have been entrusted 
tt> the writer by the City Corporation (under the direction of Mr. P. 
W. St. George, city surveyor, and Mr. S. Howard, engineer in charge), 
Iiave Just been concluded. This farm, which covers a surface of 
about twenty acres, Is established approximately on the model of 
that which has been worked successfully for some time at Brockton, 
Mass., and as shown in annexed plan, is divided into regular beds, 
separated by small earth embankments so as to divide the irriga- 
tion according to requirements of cultivation and amount of sewage 
to be distributed. 

The sewage water fiows by gravitation into a well which com- 
nmnicates with twp tanks placed beside each other. These tanks 
can be used in turns; a movable grate in each of them stops the 
passage of insoluble matter. From the tank the sewage water 

« By the oxidation of the organic matter. 
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passes into two parallel earthenware pipes, eighteen inches in dia- 
meter* which distribute it by means ot earthenware gates on any 
of the beds when it may be required. At the end of the pipes 
there exists an overflow arrangement which can spread any surplus 
water on a large surface of ground, to be devoted for the present 
to rough cultivation. 

The soil has been regularly levelled and subdrained by means 
of farm tiles covered with a foot of coke. These farm tiles aie 
at about five feet below the surface, and end in an open ditch 
made of brick which in its turn pours its contents into another 
ditch when they finally flow into the Back River. 

The soil of the farm is approximately constituted as follows:— 

1. One foot loam. 

2. One foot loam and gravel. 

3. Two and one-half feet light clay mixed with sand and graveL f ^^ 

4. One and one-half feet quicksand. 
The impermeable bottom is hard pan. This farm will receive 

at present the sewage and a portion of the surface water of a dis- 
trict containing actually a population of about 2,000. 

To begin working it the only thing now required is the comple- 
tion of the main sewer which is to convey the sewage to it, and 
which will be finished at latest next spring. 

The writer believes he has now covered all the important points 
of the subject. He has gone through the theory of purification by 
the soil, and has given an insight into some of its practical appli- 
cations in the old world, the United States and Canada. He l)e- 
lieves, therefore, he is fully justified ii^ concluding with the follow- 
ing statement: 

A municipality called upon to pronounce on the choice of a sys- 
tem for external sanitation can only proceed on the path followed 
by all the cities which have had to solve this grave problem by 
adopting the same sanitation methods. They have been tested and 
their use oonfirmed by long experience, and have given the most com- 
plete satisfaction, either in reference to health or for the proper 
agricultural utilization of the quantities of refuse produced in cities. 

But it may be objected that the realization of the exterior sanita- 
tion of cities will cause heavy expenditure. 

That is true, and yet municipalities should understand that. If 
they have to pay for bringing in pure water, they must equally. 
and the obligation is no less strict, pay a second time to remoive 
this same water encumbered with the refuse of the town, and finally 
pay again to purify it by regular and intermittent irrigation on a 
soil both suitable and cultivated, so that, whilst harmless to the 
neighbourhood, it may be of use to cultivation. 

What municipalities will spend on internal and external sanita- 
tion they will recover in the lengthening of human life and the 
diminution of the budget of hospitals. 
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DISCUSSION. 

The vexed question of sewage disposal has within the last few Mr. SJJ"* 
years become very serious, the contamination of the rivers and 
streams, from many of which cities, towns and vilalges derive their 
drinking water, has been prevented by law, and the questicto then 
ajriees, what to do with the sewage. Many of the older places in 
Enc:Ian4, France, Geimany, and even on this continent, have adopted 
some system of sewage farm, or sewage destruction, either intenmlt- 
tfcnt filtration, flooding, chemical or septic tanks. Especially is it 
80 in the State of Mafisachussets, every outlying district of Boston 
adiotptins one or other of the systems, the whole country for miles 
round being by the State converted into a system of receiving reser- 
voirs for the supply of water to the city itself and neighbouring 
torwns and villages, so that the emptying of drains into the wat^r 
ouurses has been prohibited. Brockton has a model sewage farm, 
situated close to the main thoroughfare, along which stand the 
residences. No disa^eeable odour is apparent, and the crops grown 
are most prodigious. The sewage farm lately constructed for the 
disposal of the sewage from St. Denis Ward of the City of Montreal, 
has already ten acres prepared, and can be increased in size as the 
place grows. 

This farm was built by Mr. Janin as contractor, and it was mainly 
tbirough his efforts and advice to the Road Cknnmittee that the 
scheme was adopted, and theire is no doubt It will be a success, 
and the means, the writer trustsi, d other places following suit 

The question has been asked regarding the water in times of 
freshlets and heavy storms. The writer may say that St. Denis 
Ward has beem laidi out wttih a separaite system, only a sufadent 
aaaoxmt of waiter tb flush tihe fiewa^ge beixug allowed* to enter the 
main drains. 

It has also been asked as to the acreage of farm required. This ques- 
tion has been thoroiighly discussed in England, and decided that 
one acre is sufllclent for the sewage of from 500 to 600 inhabitants. 

Mr. Janin*s paper would be made doubly interesting if he would 
give the approximate cost of preparing an acre of farm, and also the 
cost of all the different systems, so that anyone dealing with the 
matter of sewage disposal, would be able to arrive at the most 
economical, as well as the most advantageous. Many of the ques- 
tions relaAiing to tihe aiction of mlcffobes, etc., will, the writer 
believes, be thoroughly answered in Mr. Lea's paper, which is the 
next tx> be read before the Soeletj. 



Thursdftj. 26th April. 

Db. H. T. Bovet, Preeddexit, in the Chair. 

Th« foUofwing reiM>rt was reoeived from the Bcmtineers of the 
ballot for the election of MenaJbers on April 12th:— 

"We, the undersigned acrutineers, heg to revise our oount of the 
12th instant, ^by adding the name of H. T. Morrison as Aaaoctote 
Member. 

J. S. VINDIN. 

R. T. GOUGH." 

It was moved by Mr. E. A. Rhys-Roberts, secondied by Mr. H. 
Irwin, and carried: "That the revised report of the scrutineers oi 
the ballot for the election of members be acoeiyted." 

It WBB moved by Mr. W. McLea Walbank, seconded by Mr. W. 
McNab: "That the Society should express to the Ck>rpomtion of the 
city its opinion that the office of Building Inspector should be filled 
by a competent engineer or architect." 

A ooanmlttee, consisting of Messrs. W. McLea Walbank, W. McNab 
and C. H. McLeod, was appointed to draft and forward a reeoiutton 
In connection with the foregoing. 

Mes&rs. E. A. Rhys-Robeits aind G. Legiraaid, having been airpolnited 
scrutineers of the baJlot for the election of Honaraxy MemlMr. 
declared Lord Strathoona and Mount Royal duly elected as Honorary 
Member. 
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SEWAGE DISPOSAL. 

By R. S. Ii£A, MA.E., M.CAN.SOC.C.B. 

It Is a remarkable fact that, while Damascus, Niaeveh, Babylon, 
and many other ancient citleei of the old world, were provided with 
abundant artificial water supplies and extenEdye systems of sewer- 
age, it is only within the last half-century that the drainage system 
of London, the greatest of modern cities, has been brought to such 
a condition of efficiency as to permit of its gemeral ub6 in tih« re- 
moval of housrehold waste. 

During the long, dark period of the Middle Ageer, which succeeded 
■the difimemiberment of thie Romaa Empire, eanitary proyisloiui 
were almost entirely neglected, the narrow streets and alleys of 
the crowded cities were made the receptacles for the waste pro- 
ducts of the teeming populations, and bodily filth even came to be 
regarded as a mark of holiness of mind. The penalties for these 
ignorant violations of natural laws followed in the form of terrible 
plagues and epidemics, while the unfortunate misconception of the 
nature of the offence suggested no more effective remedy than the 
wearing of sackcloth and a&^es. 

In London, during the seventeenth and eighteenth centuries, rough 
drains were constructed for the removal of surface water; but 
for the household waste or sewage proper the gutters, occasionally 
supplemented by pits or cesspools, remained the only method of dis- 
posal. In later years, as the methods of construction improved, the 
storm-water drains were sometimes used for sewage as well; while 
earth closets and various pail systems for direct removal began to 
be substituted for the vaults and cesspools. 

Meanwhile an artificial water supply had been introduced, and 
in 1847 the drainage system had been improved and extended to 
such a degree that it was made compulsory to discharge into it all 
sewage of eveiy description. This was a return to the water car- 
riage system of the ancients, in whdch the liquid wastes serve as a 
vehicle for the removal of the solid, with manifest advantages from 
an eeonomical as well as a sanitary point of view. Yet, through 
a desire to utilize the manurial qualities of the exeremental matter, 
many places continued for several years to employ some form of 
Direct Removal, without the admixture of waiter, for this piortion 



62 Sewage Disposal. 

of the sewage. But the objectiomable features unayoidably connecsted 
with such methods, together with the increase in th« number of 
public water supplies, soon tended towards the general adoption 
of the cleanly and effldent wator carriage system, which, in Amertca 
at least, may now be said to he almost universal. The aesumptioo. 
that such is the case will therefore be made in the further dis- 
cussion of the subject matter of this paper. 

Having provided the drains for its collection and transportation 
to some distant point, the first and most natural method of dis- 
posing of sewage in this highly diluted form was to turn it into 
the nearest body of water; and this was usually done without much 
regard to its volume. This system, while generally proving quite 
satisfactory to the community employing it, very soon began ta de- 
velop into a nuisance for many of its neighbours, and as the con- 
struction of drainage systems became more general, it was soon 
evident that there was a limit to the quantity of sewage which 
could be disposed of in this way. Not only did many of the rivers 
soon become unfit for sources of water srupi>ly, but some ot'the 
smaller ones were practically becoming converted into large open 
sewers, disgusting in appearan<:e as well as dangerous to health. 

The small streams, dense population, and extensive industries of 
England, rendered her particularly liable to suffer from this con- 
dition of things. A Royal Commission, appointed to inquire into 
the question of stream pollution, made its first report as early as 
1870, and in 1876 the Rivers Pollution Bill was passed, making it 
compulsory to purify sewage by some kind of artificial treatment 
before discharging into a watercourse. The passage of such an Act 
naturally led to the appearance of a great number of so-called 
** processes," patented' and otherwise, tor the treatment of sewage. 
It also had the effect of stimulating the inveistigation by scientific 
men, into the nature and constitution of thei particular substances 
which gave to sewage its offensive and dangerous character. 

This was a period of remarkable progress in tthe adeace of biology 
and organic chemistry. The processes of fermentation and the 
decomposition of organic matter were shown to be, under some 
conditions at least, dependent upon the action of living organisms, 
and not purely chemical, as was previously thought to be the case. 
Further investigation has proved this to be true, under all con- 
ditions and circumstances. The ideas and theories brought forward 
were soon put to practical test in the construction of a number of 
working plants, and as the studies and investigations have pro- 
ceeded the results from these works have been of the greatest as- 
sistance in pointing out the direction in which the researches should 
be pursued. 
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In France and Germany the subject has been developed along 
the same lines, but in America the necessity for such action was 
at first by no means so evident, by reason of the relatively sparse 
population and the Immense size of the rivers and lakes. Never- 
theles0, in some of ithe Neiw Einglaaid StatBB, tbe ooiaddtiond began 
to be approximately similar to those common in Europe, and the 
problem of preventing stream pollution had already occupied thi 
attention of the legislatures of some of these States, notably Ma&ja- 
chusetts, previous to 1887, when the latter State undertook the well- 
known series of experiments which have since been carried on 
under the dlrectiome of Its Board of Health. As a general thing, 
however, the matter was given little consfideratlon. Ooca®ionally, 
when a water supply became seriously threatened, the subject was 
given a certain amount of discussion, but the tendency was, in 
most cases, to look upon the matter as an indication of the necessity 
for a new waiter supply ratther than for special treatment of sewage, 
and to regard the pollution of rivers in this way as rather in the 
natural order of things. 

Within the past few years, however, the increase and spread of 
sanitary knowledge has brought about a change in these ideas, and 
since 1890 several effective systems of artificial disposal have been 
built, and are in operation in difTerent parts of the country. Lately, 
a period of protracted drought has compelled several cities to resort 
to the use of polluted river water, in order to reinforce their or- 
dinary supplies, and it has become evident that the normal growth 
will soon compel many of them to turn to the large rivers for 
their permanent supply. In view of this certain outcome, and of 
the fact that the rate of river pollution/ will be much in excess of 
the growth of population, the wisdom of permitting the continuance 
of such pollution Is at least questionable. In Connecticut and New 
Jersey legislative action during the last few months has placed the 
control of the streams in this respect in the hands of bodies ap- 
pointed for that special purpose; 

Evidence of a similar change of public sentiment In other States 
marks the present time as the beginning of a general movement 
In this direction. Besides, the experience of ^the last tVventy-five 
years, in conjunction with the results of numerous observations and 
experiments, have shown conclusively that many of the systems 
hitherto proposed are unscientific in principle, as well as incapable 
of effecting the required degree of purification In an economi-^al 
manner. So that we have now arrived at a stage where the matter 
is simplified by the clearing of the field of a number of elaborate 
contrivances, expensive as well as Inefficient. 

The evidence all points to the conclusion, that the nearer tl^ 
process can be kept to that of Nature the more satisfactory will 
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be the results. In fact, in the light of present knowledge, it is 
probably not too much to say that there is really but one feasible 
and effective method for the treatment of sewage; or rather that 
those processes which have been shown to be capable of producing 
the results required in an economical manner, are based upon thp 
same general principles. 



ORGANIC MATTER. 

Of the different substunces compocing sewage, only those of 
organic origin give rise to the necesgfity for Its purification. Hence, 
by considering the true nature of organic matter, and the changes 
it undergoes, an idea may be obtained of the operations actually 
taking place in any of the various purification processes, as well 
as the essential features of each method, and the conditions neces- 
sary for its proper working. Wfth this object in view the accompany- 
ing diagram (A) annexed, hajs been prepared, afi a graphical repre- 
sentation of the main facts relating to the origin and constitution of 
organic matter, and oif the subsequent transformation and changes 
which sooner or later it must pass through. 

Organic matter includ<es all those combinations of the chemical 
elements whose formation depends upon the processes of life, an J 
which are therefore derived from the substance of either plants or 
animals. The various forms which it may assume are set out, in 
the order in which they occur, around the arc of the circle in the 
diagram, — the direction in which the changes proceed being shown 
by the arrows. The vertical line at the top of the diagram divides 
the:>e processes into a period of life and growth, and one of death 
and decay. At the bottom oif lilhe diagram, below the line marked 
"complete oxidation," is represented the inorganic material of the 
earth's crust, which consists almost entirely of inert mineral sub- 
stances, ^whose chemical affinities are completely satisfied, and 
which are therefore without any kind of available energy. Th<» 
meaning, of this will be evident from the following Illustration: — 

When a weight is raised or a spring compressed, an expenditure of 
energy is necessary, because work must be done,— in the one case 
against the force of gravitation, and in the other against the 
molecular forces which resist change of shape in elastic bodies. 
The compressed spring and the lifted weight are now said to possess 
potential energy, because if the one is allowed to assume its original 
form, or the other to descend to the earth, the energy which has 
been expended upon them will, in some form or other, be set free 
again. And it must be further observed that there always exist? 
the tendency towards the liberation of energy stored in this way. 
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"Whenever the opportunity is offered, which renders the arrangement 
one Off instiibUity. 

Eizactly the same condition of things existsr when the chemical 
affinities (attractive forces) of some of the atoms of a compound 
for oxygen, say, are unsatisfied. So long as this combination is 
prevented from taking place, so long may the compound be said 
to be in a condition of instability, and to possess potential energy, 
which will become available whenever the oxidation is allowed to 
take place. This energy is of the same nature and is measured by 
the same units as that given out by the descending weight or the 
expanding spring. 

Now, the maintenance of life and growth, the power of motion 
and capacity for doing work, possessed by animals, requires the 
supply of a corresponding quantity of energy. This we know they 
obtain from their food, which is ultimately derived from the ffub- 
Ktance of plants. Plants draw the nourishment necessary for their 
life and growth from the earth and air, in the shape of materials 
capable of no further oxidation, and hence entirely devoid of 
energy. Nevertheless, paradoxical as it may appear, out of such 
simple, inert materials, the green plants can build up substances, 
complex in structure, and possessing the rich store of potential ener- 
gy which fits them for animal food. They are enabled to do this by 
virtue of a mysterious substance called chlorophyll, which gives 
them their green colour, and which hasr the wonderful power of ' 
absorbing from sunlight the energy necessary for the purpose. 

On the left of the diagram, just above the line of "complete 
oxidation," is a representation of Plant Life. The space enclosing 
the words "chlorophyll -f sunlight" corresponds to the leaves and 
other parts of the plant, where this process of food manufactuie is 
carried on. From the earth by way of the roots comes water (H.^O) 
nitrates (KN O3 etc) and other salts in solution; from the air, by 
absorption through the leaves, carbonic acid gas or carbon dioxide 
(C O2 ), and in the case of some plants pure nitrogen. These stable 
but inert compounds are here broken apart, a portion of the oxygen 
removed and returned to the air, and the remaining elements built 
up into less staible but more complex substances, such as starch, cellu- 
lose, sugars, fa^, etc. (see diagram). Thus the energy abstracted 
from the light waves which is expended in this process of deoxida- 
tion. Is stored up in these substances, which thereby become 
capable of furnishing food for animals. Animals, by means of their 
organs of dl<gestioni aflnd assimilation, conetTuct fnom these materials 
and incorporate In their tissues, compounds still more complex, but 
of greater InstabMlty (see diagram). By oxidation, in the lungs or 
other breathing apparatus, they obtain from them the amount of 
energy necessary to maintain bodily heat and motion, in just the 



66 Sewage Disposal, 

same way as energy is supiplled to a heat engflae by the combustion 
of fuel. The animal body not being a perfect machine, does not 
utilize all the emergy in. its food, but) rejects a large proportion ot 
it in the form of excretions, wfaAch share the general fate of all 
dead organic matter represented on the right side of the diagram. 
In the manner outlined above, and in a fashion more or less 
direct is continually being produced "Living Organic Matter," re- 
presented on the diagram to the left of the vertical line. And in 
due course it will join the "Dead Organic Matter" (shown on the 
other side of the line) either in the form of excretions of living 
plants and animals, or their bodies after death; and were it not for 
the processes of disintegration and decay which are everywhere in 
operation, these constant additions would soon accumulate to such 
an extent as to check and ultimately stop a\l life by overwhelming 
it with its own waste, and by exhausting the materials necessary 
foir its existence. It Is this second or destructive phase, shown on 
the right half of the diagram, which is of most interest in this 
connection, because, as we shall see, it represents the changes 
which take place in the process of purifying sewage. 



SEWAQE. 

We are now in a position to return to the consideration of what 
sewage actually is. 

As it flows in the mains of a modern drainage system it is com- 
posed of the discharges from water closets, the liquid waste of kit- 
chens and laundries, the drainings of butcher shops, slaughter 
houses, markets, stables and manufactories; and, where surface 
water is admitted, the refuse from streets, backyards, etc. These 
substances are mixed with a varying quantity of water, which is 
usually at least as great as the ordinary water supply; so that 
in spite of the great variety of waste materials which it contains, 
it is, when fresh, a comparatively innocent looking liquid, cloudy 
or milky in appearance, but without any particularly disagreeable 
cdoir. It is, in fact, dirty water, which contains, partly in solution, 
and partly in suspension, a certain quantity of organic matter 
derived immediately from many different sources, but ultimately 
formed in the manner already described. 

The problem of sewage disposal is then the problem of so treat- 
ing this organic matter, as to destroy it, or render it incapable of 
offence. 

. In the diagram " freshly dead oiganic matter " !s sihown just to 
the right of the vertical centre line. As we have seen, it consists 
almost entirely of the four elements, carbon, hydrogen, oxygen and 
nitrogen, combined In a great variety of ways. As we have also 



Sewage Disposal. 



67 



seen, it is UUb complicated arrangement of Ihe atoms, and the re- 
latively small proportion of oxygen, whlicli oonstltotee the differ- 
ence, from a <^emical point of view, between organic matter and 
the simple lnoii;anic substances fnom which it iwas built up. 

The following table (1) by Dibdin shows the actual character of 
ffix typical organic substances: — 

TABLB I. 



Substance. 




PERCENTAGE OF 




Nitrogen. 


Hydkoobn. 


Oxygen. 


Carbon. 


Gelatine 


18.3 


6.6 


26.1 


60 1 


Chondrine 


14.4 


7.1 


29.4 


49.1 


Albumen.... (•••• 


16.0 


7.1 


22.0 


63.0 


Cellulose (woody 










fibre) 


• • •' • 


6.2 


49 4 


44.4 


Starch. 


• • • . 


6.2 


49.4 


44.4 


Fat, stearic acid... 


.... 


12.7 


11.3 


76.0 



Compounds, like the first three, containing nitrogen, are charac- 
teristic of organic matter of animal rather than of plant origin, 
and are capable of more offensive decomposition. They all contain 
oxygen, but in relatively small proportions, as will be seen by 
referring to the chemical formulae of the inorganic substances from 
which they are derived. The additional amount, which is required 
to completely oxidize the carbon, hydrogen and nitrogen, is given in 
table II. which follows (also by Dibdin). 



TABLE II. 
Poundfi of oxygen required to oxidize every 100 lbs. of substance: 





OXYGKN REQUIRED. 


o"5o« 


Difference 

or additional 

Oxygen, required 

for complete 

oxidation of 

eabetance. 


Substance. 




It 




^2 


Gelatine 

Cbondrine 

Albumen 

Cellulose 

Starch 

Fat, stearic acid. . 


62.3 
41.1 
45.7 


62.8 
66.8 
66.8 
49.6 
49.6 
101.6 


133.3 
131.0 
141.4 
118.4 
118.4 
202.6 


238.4 
228.9 
243.9 
168.0 
168.0 
304.1 


26.1 
29.4 
22.0 
49.4 
49.4 
11.3 


213.3 
199.6 
221.9 
118.6 
118.6 
292.8 



The email proportiou of mineral matters present in these 
r no importance in this connection, and may be disregarded. 



these substances is 
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This table shows that the proportion of oxygen in fat, for in- 
stance, is so small that nearly three times its own weight of oxygen 
is required for its complete oxidation. Considering the fact that fiva 
cubic feet of ordinary air contains about one cubic foot of oxygen, 
the above table will give some idea of the quantity of air necessary 
in some of tne purification processes to be presently described. 

The complex molecular structure of these organic compounds 
produced in the processes of deoxidation, has been obtained at the 
expense of stability, and this implies the existence of a continual 
tendency towards a re-oxidation of the elements whenever the 
combinations in which they may be held are broken up. How to 
produce this in the most direct and economical manner is the object 
to be aimed at in any system of sewage purTflcation. 

If the temperature of an organic substance is raised to what is 
tenned its kindling point; in other words, if it is set on fire, the 
oxygen of the atmosphere will combine with it, and in this manner 
its oxidation will be accomplished, — the liberated energy manifest- 
ing itself in the form of heat. If certtain chemicals are brought 
in contact with it, sruch as the permanganates, oxygen is set free 
in the nascent condition, and will combine with it, and so bring 
about its complete oxidation. Such violent methods are, hc-wever, 
Impossible or difficult to accomplish on any considerable scale, as 
well as uneconomical. Though, in a sense, accomplishing the same 
object, they are obviously entirely difTerent in method from the 
mild and equable processes which nature has provided for the 
Femoral of the vast quantities of animal and vegetable wastes 
which are produced from year to year. 

BACTERIA. 

These natural forces, which can bring about the oxidation 
of orgiaiiic nuGuttjeir even more efCaotlYely than those oi heat 
or chemical energy, exist in the bodies of the smallest and 
humblest of living organisms. These are the bacteria, or mici-obes, 
or germs, as they are variously called, which exist in the surface 
waiers, in the air, in the upper layers of the soil; in fact, wherever 
they are needed. They are of the very simplest structure, con- 
sisting of but a single cell, and are of almost inconceivable minute- 
ness. A faint idea of this may be obtained from the fact that a 
sphere 1-25 of an inch in diameter could contain 500 millions of the 
larger ones, and it would take more than a thousand of them, 
placed in a row, to reach across the diameter. Yet, they have been 
studied and classified into hundreds of different species, whose 
habits of life, characteristic products, form. etc.. are now well 
known. While individually insignificant, it is only necessary to 
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consider the enormous quantity of waste material which they are 
constantly disposing of in order to see how important are the re- 
sults of their aggregate action. 

In ahape th^ are spherical (the cocci), rodl-ehaped (the bacilli), 
spiral-shaped (the spirilla). That they may exist in a flourishing 
and active condition, certain attendant circumstances are necessary, 
such as presence or absence of air or light, a certain decree of 
warmth, moi&rture, etc. As we shall see, they constitute to a great 
extent the "forces of nature," whicn the engineer engaged in the 
problem of sewage disposal must "direct to the use and conveni- 
ence of man." Other facts relating to them which are of importance • 
in this connection, are as follows: — They are possessed of enormous 
vital activity, and in the pi-esence of dead organic matter and other 
favorable conditions, are capable of multiplying with almost in- 
credible rapidity, so that their action is to a certain extent, auto- 
matically adjusted to the amount of work they have to perform. 
It was at firsit doubtihil whether they sUoulld be claasifled as pLanta 
or animals; but it is now definitely decided that they belong to 
the class of colourless plants. They reproduce by fission, — a simple 
process by which a single bacterium divides itself in the middle, 
thus producing two. An exceedingly small proportion of them, 
which Includes the pathogenic or disease-producing germs, are 
parasitic, — ^that is, they exist upon or in the body of a living host. 
But the ^reat majority are saprophytic, which means that they live 
upon dead and decaying organic matter. A few species are able 
to exist either as saprophytes or pai-asites, and are called facultatire. 

Another classification depends upon their ability to live in the 
presence or absence of free oxygen, e. g.: — 

1. Aerobic, requiring the presence of oxygen. 

2. Anaerobic, unable to exist in the presence of this gas. 
Facultative anaerobes, which occur in sewage in large numbers, 

can live either with or without oxygen. 

By tho-ir mefthotds of obtaining their food, or by the products of 
their life and action, the saprophytic bacteria — aerobic and anaerobic 
— are enabled to break up the complex molecules of organic com- 
pounds into simple ones, and ultimately bring about their complete 
oxidation. The process is a gradual one, and is accomplished in suc- 
cessive steps by different groups of bacteria, many of which can act 
upon the organic matter only wlien it has been transformed by pass- 
ing through certain preparatory pro<*esses, which have been effected 
by other groups. I«t is by reason of this oonsequent division of ihe 
work, together with the fact that the chemical products of one 
species are often Inimical to the life of antother, or even to its own 
when greatly accumulated, that It is possible to modify and largely 
intensify their action by a certain degree of artiflciiaJ i^gulatlon and 
control. 
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DECOMPOSITION. 

The process may be followed w.th the aid of the diagram, but 
it must be remembered that it is a very intricate one; and that, 
therefore, it is pos&ible to show only the most important of the; 
changes which take place, ana tht: order in which they occur. 

If the waste material (freshly dead organic matter) is exposed to 
the atmosphere under such circumstances as will permit all parts 
of it to have free access to the air, it is immediately attacked by 
numerous members of the aerobic group oif bacteria, which, if 
other conditions are favorable, thrive and multiply with great 
rapidity. Besides obtaining the means of supporting their own ex- 
istence, they cause, by their action in doing so, a breaking up of the 
chemical combinations of the organic substances, whereby the 
oxygen of the atmosphere is enabled to combine with the carbon 
of the compound, producing carbonic acid gas. The oxidation of 
carbon leaves the nitrogen and hydrogen to unite in the form of 
ammonia, or of various ammoniacal salts. 

This process, the Intermediate step& of which are very complicated, 
and imperfectly understood, is indicated in the diagram by the 
outer path connecting "freshly dead organic matter" with "ammonia, 
etc." If the supply of oxygen is not interrupted, a further oxidation 
of this "ammonia" will take place, the hydrogen to water, and the 
ritrogen to nitrites and nitrates. This is brought about by means 
of other species of aerobic bacteria belonging to what is called 
the nitrifying group. Some of these (the nitrous organisms) can 
thus change ammonia (N H^ ), into nitrous acid (H N O,), while 
others (the nitric organisms) complete the oxidation to nitric acid 
(H N 0.,). These acids combine with any bases present, such as 
soda, potash, ULme, etc.. to form nitrites and nitrates. This oxidation 
of the nitrogen of ammonia is known as "nitrification," and is thus 
the work of certain specific organisms. It has been studied very care- 
fully in connection with the experiments on intermittent filtration 
of sewage, made by the Mass. Board of Health, the results of which 
are very fully set forth in its report. Its action, shown by the 
production of nitrates, appears to proceed to a certain extent co- 
incidehtally with the oxidation of the carbon, and is very suscep- 
tible to temperature conditions, the supply of oxygen, overworking 

of the filters, and other circumstances. The nitrates, which, with the 
water and carbonic acid, represent the final products of this whole 
process of decomposition, are purely mineral substances, completely 
oxidized and eutirely without energy. These operations, therefore, 
rppresent the complete destruction of organic matter, by its suc- 
cessive conversion into substances of less and less complexity of 

structure, but of greater and greater stability, until it is finally re- 
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solved into th€ water, oailtMni, dioxide, and nitrates out of wWcJi 
it waff originally built up, and in which form it is again available 
for uee in* the atru-citupes oif o^er p>kun)to flmid iftjniiimn.ia. 

These operations, which are truly as old as the hills, have always 
been familiar to us, though until very recently entirely misunder- 
stood. The changes taking place were thought to be purely chemical, 
and brought about by mere exposure to the air, or, as in the case of 
the rapid disappearance of manures in cultivated lands, by the 
action of the growing plants, and of the soil itself. This view la 
now known to be entirely incorrect, and it has been repeatedly 
shown that, however abundant the air supply, no decomposition can 
take place without the presence of bacteria. On the other hand, as 
we shall presently see, certain of these micro-organisms are able to 
eet up a process of decomposition in organic matter, and even pro- 
duce a certain amount of oxidation, under circumstancee where air 
is carefully excluded. 



PUTREFACTION. 

It is decomposition under such conditions as these which we 
shall next consider. The breaking up of the organic compounds is 
uow brought about by various species of the anaerobic bacteria, 
which find in the exclusion of air and light just the conditions ne- 
cessary for their development. Their action does not proceed with 
the same outward simplicity a? that of the aerobes, but is accom- 
panied with the production of ofFensive odours, noxious gases, and 
other disagreeable manifestations characteristic of what is termed 
putrefaction. 

It is this kind of decomposition that goes on in organic deiK)sits 
at the bottom of stagnant pools, in cesspools and the like, — and 
wherever nitrogenous organic matter is prevented from having ac- 
cess to air. Ehren where the decomposition is to outward appearance 
entirely aerobic, the preliminary disintegration which enables the 
air to get free access, must often be of this nature. 

The chemical changes are entirely different from those taking 
place in aerobic decomposition. Certain species of the anaerobes 
have the power In the presence of organic matter o«f de-nitrifying 
nitrites and ndtrates,— ^tihiajt is*, djeoxiidtizlntg thiem. When the 
circumstances are favorable to such action the nitrogen is set free 
as nitrogen gas, ^hile the oxygen attacks the organic matter, bring- 
ing about the formation of carbon dioxide and other gases. The 
chemical changes are at first, however, especially in the case of 
sewage, of the nature of what the chemists term hydrolysis, or the 
breaking up of organic compounds by the action of water. This 
action often results In the liquefaction of refractory and otherwise 
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insoluble substances, like fibrin or cellulose, which process is ac- 
companied by the formation of many gaseous compounds of carbon, 
hydrogen and nitrogen. These, and many other chemical changes, 
which take place according to the attendant circumstances, are de- 
scribed in detail by Dr. Samuel Rideal in the Journal of the Society 
of arts.* Referring to the anaerobic decomposition of the organic 
matter in sewage, he srays: — "Very similar changes, mainly hydro- 
lytic, are accomplished by the large class of organic substances 
called 'enzymes,' which, though not living, are products of animal 
and vegetable life. . . Their importance to us is shown by 

the fact that a large number of them are the products of the 
bacteria or other fungi, and are powerful agents in their resolving 
action. By their means a bacillus is not only able to act in its 
Immediate neighbourhood, but also at a considerable distance, 
through the soluble ferments it forms and disengages." 

As indicating the complex nature of the pirocess his chemical 
classification of the "fermentations which occur in the first or hy- 
drolytic part," is quoted as follows: — 

**1. The solution and decomposition of albuminous bodies. 

"2. The fermentation of urea. 

"3. The fermentation of amido-compounds formed from the al- 
buminous bodies. 

"4. The formation of organic acids and the fermentation of their 
salts. 

"5. Cellulose or methane (CH , ) fermentation. 

"6. The hydrolysis of carbohydrates (sugars, fats, etc.). 

"7. The formation of small quantities of sulphur compounds, like 
G- S, mercaptan, etc. This from the odour of the products often 
attracts the most attention." 

This process is indicated in the diagram by the first part of the 
inner path connecting "freshly dead organic matter*' with "am- 
monia, etc." It takes place very rapidly, as compared with 
purely aerobic processes, and results in a very considerable reduc- 
tion in the amount of organic matter, in the formation of 
volatile gases, etc. Though the changes which have taken place 
are in the right direction, the process of decomposition 
is as yet very incomplete. Many of the i-esrulting products are highly 
offensive in character, but the solid portions have been largely 
liquefied, and otherwise altered so as to bring them into a condition 
wtich renders them readily oxidizable. 

If, now, in tflie natural course of events, or by artificial means, air 
is brought in contact with them, the volatile gases will be dissipated, 
and gradually the aerobic bacteria will take up the work and carry 
ii on, as shown by the diagram, to the points where nitrification 

♦Vol. XLVr, p. 81, Dec, 1897, and Vol. XLVII, p. 683, Jan., 1899 (Cantor T^cture^ 
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begins; which, with the final oxidation of the nitrogenous and car- 
bonaceous residues of the previous processes, proceeds in much the 
same way as that already described In connection with aerobic de- 
composition. 

The two processes outlined above, though beginning under oppo- 
Biite oazLdltlanB, aind' proo6odtiii«; dm an eoMteity dUffeirant manner, 
achieve in the end the same result, viz., the destruction of organic 
matter by its conversion into stable, gaseous and mineral substances. 
They are nature's methods, and have been in operation over tho 
surface of the earth since the first appearance of life upon it. 

Under conditions of abundant aeration they are without any dis- 
agreeable or other noticeable features. Where the air has no access, 
putrefaction takes place, and when complete and eflicitnt drainage 
systems were first constructed, it was this tendency of the sewage to 
putrefy when discharged broadcast into relatively small ^ti-eams 
which created the demand for its purification. Ignorance of the true 
nature of^ the processes involved led to many attempts to accom- 
plish this by purely artificial means, but experience has shown, 
that these efforts to supplant nature on such a large scale have 
always resulted in practical failure. 

Since that time the investigations of the biologists have shown 
the reasons why they have failed, and at the same time have led 
to the discovery and employment of methods which are proving 
successful, because, by providing the most favorable conditions 
and removing or holding in check those which operate adversely, 
they assist nature in every way; the result being that purification 
takes place at many times the rate possible when not thus con- 
trolled. To this extent only are such methods artificial. 

CHEMICAL ANALYSIS. 

Before proceeding with a description of thecre methods, we must 
refer to the subject of the chemical analysis of sewage; because it 
is by means of it that it is possible to follow the progress of puriii- 
cation, to compare the working of different processes, to determine 
their efficiency by testing the effiueaits, and tx> discover, when these 
are not satisfactory, at what stage or in what way the process Is 
going wrong. 

The principal determinations in a chemical analysis are givex 
under the following heads:— 

1. Appearance. 

2. Total Solids or Residue on Evaporation. 

3. Loss on Ignition. 

4. Chlorine. 

6. Albuminoid Ammonia. 
6. Free Ammonia. 
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7. Nitrogen as Nitrites. 

8. Nitrogen as Nitrates. 

9. Oxygen absorbed, or consumed. 

Under "Appearance" are noted the turbidity, colour, etc., which are 
expressed in terms of oome standard, depending upon the method 
of observation. 

The amount of the total solids is obtained by evaporating a por- 
tion of the sewage to dryness, and weighing the residue. The latter 
will be partly organic and partly inorganic. By carefully heating 
it to a low red heat a portion of it will be driven off in the form 
of gases. The remainder is weighed, and is called the "fixed residue," 
while the part which passes ofC is called the "loss on Ignition." 
The amounts indicate roughly the relative proportion of the inor- 
ganic and organic matters respectively. Sometimes the EPewage is 
first filtered, and the above determinations made separately for the 
"dissolved" and "suspended" matters. 

Common salt is one of the characteristics of domestic sewage, and 
It is very largely from it that the "Chlorine" in the analysis 13 
derived. It is thus a measure of the strength of the sewage, and is 
useful in determining the identity In this resrpect of a sample of a 
putrified effluent with the original sewage. 

The most important information, however, which a chemical an- 
alysis furnishes, with regard to the relative purity of sewage, and 
effluent, and of the manner and rate at which the process is taking 
place, is that given under the next five headings, — "Albuminoid 
Ammonia," "Free Ammonia," "NitTX)gen as Nitrites and Nitrates." 
and "Oxygen Absorbed." 

We recall that organic matter is composed almost entirely of 
carbon, hydrogen, oxygen and nitrogen, combined in various ways, 
and produced by the agency of green plants by processes of de- 
oa!idation; and that, therefore, the reverse process of decomposition 
is one of oxid^ition, requiring a supply of oxygen from external 
sources, taking place in a variety of ways, but always dependipg 
upon the activities of the bacteria. Also that the result of the 
first step, is the oxidation of carbon, and the formation of various 
compounds of nitrogen, such as ammonia, ammoniacal salts, etc.; 
and that then other bacteria bring about the oxidation of the 
nitrogen also, forming first nitrites, and lastly nitrates, which are 
mJniertail suibsitsunioes, amid capcaible of njo furtiher oxidlEutdOin. 

If water or sewage containing organic matter in process of decay^ 
is boiled, the ammonia which has been produced, either in the 
free form, or as salts, will be driven off, and may be obtained by 
distillation. The amount (which is given in the analyses as "Free 
Ammonia") is thus a measure of the extent to which the first step 
In the decomposition has taken place. The nitrogen of fresh or- 
ganic matter may also be obtained In the form of ammonia if it is 
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boiled in an alkaline solution of permanganate of potash. The 
Quantity of ammonia obtained in this way, after the "Free Ammonia*' 
has been driven oft, is given in the analysis as ''Albuminoid Am- 
monia." It is thus a measure of the amount of organic matter pre- 
sent, which has not yet begun to decay, and it is thus shown in 
the dllaigram. A dlecreaise m the amount oif aflbuiminodd' ammooia 
with a corresponding increase in that of free ammonia would indi- 
cate progress in the first stages of purification. 

The amount of nitrogen present in the form of "Nitrites'* is deter- 
mined, and, being so given in the analysis, represents the begin- 
ning of the oxidation of the nitrogen, and hence further progress 
in decomposition, while the "Nitrates" represent the completion of 
the final step in the process of purification. 

There is another determination which is useful in ascertaining 
the degree of purification, viz., the "Oxygen absorbed." This is 
obtained by treating the sewage with an acid solution of per- 
manganate instead of an alkaline, as in obtaining the amount of 
albuminoid ammonia. The oxygen of the permanganate attacks 
the organic matter, and combines with the carbon. The total 
quantity of oxygen so absorbed in a given number of hours, ia 
measured, and will be greater or less in proportion to the amount 
eC unoxidlsed organic matter present. Since in ttodls process th* 
oxygen given up dots not combine with the nitrogen, the "Oxyg -u 
absorbed" will correspond to the carbonaceous organic substances 
rather than to the nitrogenous, which are represented by the al- 
buminoid ammonia. The refuse from manufactories often contaiua' 
mineral substan<;es, which absorb oxygen very readily. In such 
cases the "Oxygen absorbed" would be fto indication of the quantity 
of organic matter. The determination Is of greatest use in comparing 
the quality of an effluent with the raw sewage. The percentage 
reduction in the "Oxygen absorbed" will be then a measure of the 
d^^ree ol purification, whiich liajtiter ds ueniaJly thva stated, iiii 
terms oif either* the " Albuminoiid Ammonia." or the "Oxygen 
absorbed." or both. 

Und^er ordliniairy cdirouimstamioee^ piure water ccntaiais a certain 
amount of atmospheric oxygen in solution. If decaying organlt 
matter is mixed with it, oxidation would take place, provided the 
bacteria were present, at the expense of the dissolved oxygen, and 
hence the diminution in thB amount and the rate wnild furnish 
some information as to the condition of the organic matter, an:i 
the changes taking place in it. In watching the progress of purifica- 
tion, therefore, tSie determination of the amount of " Dissolved 
oxygen" is often of great import^ce. 

Tn making the Manchester experiments, whi-ch will be referred to 
further on, an "Incubator Test" was employed to test tie quaWty 
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of tte eewaiee effluents, caneUl waiter, etc. It U (tttuis deecribeU ;ii Uie 
expertsf' report: — 

"A very valuable indication of the degree of impurity of any 
sewage or effluent is afCorded by the so-called incubator test. To 
carry out this test a determination is first made of the oxygen 
absorbed from potassium permanganate by the sample in thret 
minutes. A bottle is then completely filled with the sample and 
closed, and placed in the incubator at 80^ Fahr. for six or seven 
days. The three minutes' absorption is then again determined. If 
any putrefaction has taken place, the oxygen absorbed in three 
minutes will exhibit a decided increase in amount, owing to the 
more reaay oxidizability of the products of putrefaction, such as 
rulphuretted hydrogen, ejLc. On the other hand, if the sample keeps 
sweet, the three minutes' absorption remains practically unchanged 
after incubation, or there will be a slight decrease, owing to slight 
oxidation of the impurities which has taken place during the period 
of incubation at the expense of the nitrate or dissolved air present 
iii the sample." 

In the Diagram (A) the determinations "Albuminoid Ammonia," 
"Free Ammonia,*' "Nitrites" and "Nitrates" have been placed so as 
to indicate as nearly as possible the various stages in the process to 
which they correspond. The "Oxygen abfiOrt>©d" is placed where it 
is, because Iflie fre^heir the oirigaimc matter tJhe hdgiher will be the 
amount. 

The above determinations furnish the means by which the action 
of eewage purification processes are tested and compared, and are 
therefore of the greatest importance; but unless care and judgment 
arc exercised in collecting representative samples for analysis the 
results may be without value, or entirely misleading 

We are now in a position to refer briefly to the various methods 
which have been devised since the necessity for sewage treatment 
first became evident, to accomplish that end, and to describe the 
principal features of those which, being based ion true principles, 
have proved' their practicability and efficiency. 

ARTIFICIAL DISPOSAL. 

After the report, in 1870, of the Royal Gommlssion, mentioned 
above, a very great number of methods were invented, most of 
which were based on the idea that the process of decomposition 
was purely chemical, and could therefore be effectively promoted 
and carried through by methods entirely artificial. It was also 
thought that substances incidentally produced would have high 
fprtilizing qualities, and that, by utilizing them as manures the 
puTification of ^wa^ mdgihit be cairrtod on withoat ooet, or evea 
nt a profit. 
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The extreme vardety In the niaituire and ooniditioii ol itlie oigaoAc 
matter in sewage, and the large propoition of water, rendered any 
process which aimed at Its oxidation solely by chemical means while 
thus diluted, entirely impracticable. The same may be said of 
:..w3mpts in the direction of disinfection or sterilization, with the 
object of arresting decay, or rendering the products innocuous. 
Chlorine in various combinations was used for this purpose, 
principally in the form of cMoride ol lime or bleaching powder. 
The BO-called electrolytic processes are of this nature. By electro- 
lyzing a mixture of sewage and sea-water, or a solution of commcn 
salt, a result is produced similar to that of the action of bleaching 
powder. The oxidation produced, which is limited, is due to the 
nascent oxygen set free by the acitdon of "the dhlorlne In decom- 
posing water. The Webster process of England, and the Hermite 
of France, are among the most Important of these processes. 

The effluents from such processes are very imperfectly purified, and 
the germicidal action is a direct hindrance to the work of the 
bacteria, which fnust ultimately complete the decomposition. 



CHEMICAL PRECIPITATION. 

The chief difficulty in any method of treating sewage is with the 
•'sludge," or the portion composed of- the solid matter, and the 
larger and heavier of the suspended particles, which tend to separate 
from the rest by »ubsddence. Those chemical processes which have 
BTurvived the experimental stage had fior their object the production 
of a clear effluent by the removal of the sludge, and as nearly as 
possible all of the suspended matter. Thii^ was effected by mixing 
certain chemicals with the sewage, and running the mixture injto 
large tanks, where It remained long enough t» pennit of the pre- 
cipitation of the suspended matter. ' A grreat number of chemicals 
have been employed for this purpose, whicfti accounts for the 
hundreds of patents granted at the time these methods were 
first being tried, but experience has shownl that lime and sulphate 
tf aluminum or sulphate of iron are the most satisfactory from 
the point of view of economy and efficiency. In the settling 
thinks Hbe action df these chemlicals upon certain substaeoee always 
present in sewa^, and upon each other, results in the forma- 
tJon of insoluble fiocouilent preoiipiitaftes, wbich, as t)hey tetUX, entanigle 
and carry down with them almost the whole of the suspended matter. 
There is very little reduction, however, in the quantity of dissolved 
fvubstanoes, 00 Itihat the effluent liqudd, whliidh is dtawn off from 
above, while clear, still contains nearly half the organic matter 
oi the raw sewage, which is subject to putrefaction, and which must 
still pass through the various processes of decomposition before 
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U can be said to have been purified. Of comrae, eucb an etfluent 
is much less liable to cause a nuisance when discharged into a 
btream than the raw sewage, and the quantity of organic matter 
being reduced by a half, it may often be discharged with safety 
into a much smaller stream. But the large quantity of sludge from 
the bottom ot the tank has yet to be disposed of, and it is here 
that the great objection to chemical precipitation exists. It also 
is subject to putrefaction, though the process has been hindered 
by the destruction ot a great number of the bacteria. But their 
destruction is not complete, and they soon reassert themselves, so 
that the slu-dee soon becomes very fouL It stUl ooutalnjs a lavie 
proportion of water, and is thus very difficult to deal with. Some- 
times this water is partially removed by filter presses, or by allowing 
it to drain away and evaporate in shallow sludge basins, or on 
gravel filter beds. The remainder is sometimes used as manure, 
either as it exists, or after being mixed with other material to 
improve its quality. It has been used with clay to form cement 
and 'brickp. Often tihe sludge is taken directly from the tanks and 
spread over large areas of loose soil into which, when dry, it 
is ploughed. Th^ mamurial value is low, sinioe the fertilizing 
elements in sewage are largely in solution. In London and Man- 
chester it is pumped into tank steamens and can-ied out to sea. 
In adition to tthe difficulties in conducting the prooess, su<:h a^ 
properly proportioning the quantity of ohemrfcals to the varying 
strength and character of the sewage, the distposal of tho 
sludge is always an expensive matter, not to trpeak of its dis- 
agreeable features. Besides Iflids, in many caees the effluent 
t^ops not satisfy the local requirements a^a to purity, and has 
to be further trearted by irrtgation ot some other process in 
whi>ch thie bajcteria— the true punlfierB— are eDaA>led to act 
Hence, in the light of what is now known of the true processes 
of decom position, it is evident that the treatment of sewage 
by clhemical precipitation is not a process of pnriification at all. 
hut merely a separation of it into two portions, both cf which are 
still to be disposed of. 

Nevertheless, a great number of such plants have been built la 
Europe, chiefly in England; and a few in America. In nearly every 
case they have proved unsatisfactory, and have been abandoned, 
or are being abandoned in favour of processes which work w'th 
nature instead of against her. An excellent example of such 5i 
plant, both as to construction and operation, Is that of the Worces- 
ter, Mass., sewerage system. The reports of the department contain 
much detailed information as to efficiency, cost, management, etc. 
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BBWAGB FARMING. 

Another method that was early employed with the object of dis- 
posing of sewage, and at the same time obtaining a return from its 
manurial qualities, is known as Broad Irrigation, or Sewage Farm- 
ing. This is to a certain extent a natural method, and consists In 
applying the sewage to large areas of cultivated land, in such small 
quantities that the supply of air in the pores of the surface soil 
is al'ways sufficient for the conversion by the bacteria of the organic 
matter to inorganic, in which form it is available for plant food. 
The action is thus chiefly aerobic. Unless the subsoil is very porous 
the surplus water must be removed by under-drainage. 

With favourable soil, and careful and intelligent management, 
the method is satisfactory. Some of the difficulties connected with 
it are tl^ tendency of the partides of sludge to choke up the 
surface; tne variable needs of the crops for water depending on the 
rainfall, the season of the year, etc., the effects of frost and snow; 
and the tendency to become at times a nuisance to people living in 
the neighbourhood, even at a considerable distance. It requires 
large areas of land, often very expensive or impossible to obtain; 
but when well and carefully managed, it is a decided success as a 
purifying process. 

It was at first undertaken with the idea that plant life of itself 
was capable of decomposing the organic compounds contained in 
tewage. Later, however, it was discovered that they had nothing to 
do with it, and could make no use of these materials until the de- 
composition had been fii^t brought about by the bacteria. Still 
it was thought that such soil, teeming as it is with bacterial life, 
would be the best material to employ. But it was soon found out 
that quartz sand or any such porous material would acquire the same 
puirifying power simply by dosing It with the sewage fbr a period 
of two or three weeks. Not only that, but the amount Which it coulil 
puiily in a given time was found to bo very much greater. 

INTERMITTENT FILTRATION. 

The sand itself has no purifying power, but the sewage comes 
laden with bacteria which find on the surface of the sand grains an 
extensive area upon which to establish themselves, the air in the 
spaces between the grains supplying them with the necessary oxy- 
gen. If the application of the sewage is continuous, this air ii 
fcoon used up, and then purification becomes very imperfect, putre- 
faction ensues, and the sand becomes foul and choked up. But if 
the sewage is applied intermittently, it draws in after it, as it sinks. 
p new supply of air, which becomes available for the next dose, 

5 
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and so on. Worked in this way, the arrangement Is called an In- 
termittent Filter. It iff not a filter at all» of course, since when 
properly working the action is entirely biological; that is, carried 
on by living organisms. It is shown on the right side of diagram 
,A, beginning with decomposition by aerobic bacteria, and ending 
with the completion of nitrification. The degree of purification 
under favorable oircumstanioes oannot be sui-paesed, the effiuents 
from the under drains of the "filter beds" being often chemically 
purer than many domestic water supplies. In practice the area is 
divided up into beds, upon any of which the sewage may be turned 
at will, from the diErtributing pipes or channels, which are placed 
in the embankments separating the bede. Under-drains at a deptli 
of four or five feet collect the purified effluent. In some exception- 
ally favourable situations, where the subsoil is coarse sand and 
gravel, and near a valley or depression, the natural uml^rdrainage 
)? sufficient. 

With good material as much as 100,000 gallons per acre per day 
can be purified. If much more than this is applied, even under the 
best conditions, the capacity of the bacteria will be overtaxed, 
and an imperfectly purified effluent will be the result. In most 
cases, however, the amount per acre is very much less than this, 
on account of the inferior nature of the material usually available, 
and by the choking of the surface by sludge. 

The heaviest and coarsest portion of the suspended matter is 
usually removed by screening and simple subsidence for a short 
time in small tanks. The rest can usually be disposed of by the 
beds, if they are not overworked, and if the surface is dug over 
and loosened up when signs of clogging appear. The surface 
should be ridged and furrowed before cold weather, so as to allow 
the ice which forms to rest upon the ridges, roofing over the 
hollows, and preventing the sewage from freezing. Crops of vege- 
tables are often grown upon the beds successfully. This is not a 
part of the purification process, and is therefore of secondary im- 
portance. 

Intermittent filtration is therefore in accordance with the methods 
of nature, and the comparatively high rate at which these filter 
beds may be worked, is obtained, 1st, by selecting material the 
most favourable for the action of the bacteria; 2nd, by applying the 
sewage so as to always maintain a sufficient air supply; 3rd by 
removing the coarse solids, etc., from the sewage before it is turned 
on the beds; 4th, by careful personal attention to the working* of 
the plant and prompt correction of any wrong tendency as soon as 
it appears. In principle, however, it is an aerobic process, and 
therefore does not provide adequately for the disposal of the sludge. 
This is usually, when it is settled out, run on to sludge beds, where. 



1 



Sewage Disposal. 81 

a/ftar drytkis, dit its KvomoipoBted or otherwise disposed of- Tbt6 amount 
requiring such treatment iff, of course, much less than that from 
a chemical precipitation plant. Nevertheless, it may become a 
nuisance to the neighbourhood, and will necessarily accumulate 
during cold winter weather; so that the lack of proyislon for it 
constitutes a defect in the system, though a comparatively slight 
one, when its superiority to the majority of other systems in use 
is considered. The advisability of employing it depends largely 
upon the existence of suitable material, since, on account of the 
great area necessary, it would be a very expensive matter to con- 
struct such beds of material transported from a distance. 

In the 3}tlaite ocf MaadBicihusQtts, tor litDistanjce, .thiiia method iff in 
favour because isuiltable material is avallaible In nearly every 
locality. The beds are preipared by stripping off !the ffurfac© 
.^oil an*d levellLng up the beds of ssmd and gravel thus 
exposed. On account of the prevalence of these favotirabl^ 
conditions, the experimental WKDrk of the Board of Health 
experts has been largely witbi this method of purifying sew- 
age. In Eligland, on the other hand, clayey sodls predomin- 
ate, and henoe neither imtermiittent flltration nor sewage farm- 
ing have been very successful. Land treatment of the effluents 
from chemical precipitation plants is not uncommon, and it is 
required at the present time by the Local Government Board 
for those of the Bacterial System® to be referred to presently. 
Hence, in England, particularly during the last ten years, many in- 
vestigations and experiments have been made upon the purifying 
action of other material than sand, such as coke breeze, cindefrs, 
ashes, burnt clay, etc. The object was to discover some method by 
which these materials could be utilized to purify the sewage at such 
a rate as would keep the first cost within reasonable limits. Such 
experiments have been carried on by the Main Drainage Committee 
of the London County Council at Barking and Crossness, and by 
the authorities of Sutton, Exeter, Leeds, Sheffield, Manchester, Bir- 
mingham, and other places. These Investigations, which have been 
watched with the greatest interest by the many other places with 
similar problems to solve, have been remarkably successful, and 
have resulted in the discovery of more than one system in which 
the whole of the sewage,— not the finer and liquid portions only, 
but the sludge as well— may be purified from first to last by natural 
processes and at a comparatively low cost. 

NEW BACTERIAL METHODS. 

The distinguishing feature in these processes is the recognition ot 
the work of the anaerobic bacteria, whose development and activity 
depends upon the exclusion of air and light In other bacterial 
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processes constant and abundant aeration Is provided to as great an 
extent as possible. The aerobes, which develop under these encour- 
aging conditions are very effective in purifying the organic matter 
In solution, but are less successful with even the finer matter in 
suspension, and fail altogether to deal with the larger solids and 
such substances as paper, rags, strings, etc., which must be separately 
disposed of. By the new methods, however, it is shown that this 
separation is not necessary if the whole of the sewage is first worked 
over by anaerobic bacteria. The result of their action is to bring the 
organic matters, solids as well as liquids, into such a condition that 
they can be readily disposed of by the subsequent action of the 
aorcA>e<3, and at a much greater rate. In so dcAmg they furnish 
tlM best 0oilutioiDi^ao far knowni oif the dlffloulit problem of the dto- 
PKxsal of sludige. ^ 

When sewage is first discharged from the houses, streets, etc, 
into the sewers, it contains a considerable amount of dissolved 
oxygen. During the time the sewage is fiowing through the mains 
toward the outlet, the aerobic bacteria, in the presence of the oxygen, 
begin their work of decomposition, which, as we have seen, results 
in oxidation of carbon and the formation of ammoniacal substances. 
This action will proceed until the dissolved oxygen is all used up, 
which it soon will be, but in the meantime very little putrefying 
action will have taken place, and that is the reason why the 
sewage in the pipes of a well-designed system is comparatively free 
from offensive odours. Chemical analysis would show during this 
period a slight decrease in the albuminoid ammonia, with an 
increase in the free ammonia, and perhaps in the nitrates. When 
the oxygen is exhausted, anaerobic action begine, resulting, as 
we have seen, in the breaking down and liquefacffion of a portion 
of the solids, and the production of various gases, some of ^:hem 
very foul- smelling. This ajctlon widl Bometimes have begun before 
the sewe«;e reaches the outfall, (the diegirae of which. 3ub0 takea 
place depending upon the len^h and inclination of ithe mains. 

The fact of the dtbsap^peanemoe oif the 0Oilli<ls In eewtage uBider cir- 
cumstances in which aeration is impossible, was known many years 
ago. About twenty years ago there appeared in the French Cosmos les 
Mondes references to what was called the "Mouras Automatic Scav- 
enger." This was described as consisting of a closed vault with 
a water seal, in which all the excrementltious matters were rapidly 
transformed into a homogeneous fluid; and it was stated that in time 
kitchen refuse, onion peelings, paper, etc., also dissrolved and disap- 
peared. It was said to be automatic in action, and to have been in 
operation for twenty years. 

In 1870 Frankland experimented on London sewage by causing 
it to flow continuously upward through sand, and his analysis of 
the effluent showed a considerable liquefaction of the suspended 
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Bolidff as well as a reduction in the total quantity of organic matter. 
Buft as the cause of sudh action waa mot* underatood' (thouslh sag' 
ideated in tBie dieeicaflivtion otf tftue Auitxnniaitlc Scayeoiger), fljod ttiB 
effluent so much fouler than the fresh sewage, and still in need of 
treatment, little interest was aroused at the time. 

SOOTT-MONCRIEFF METHOD. 

In 1891, Mr. Scott-Moncrieff constructed at Ashtead, in England, 
a bacterial tank, In which the crude sewage was admitted from 
below and made to pass gradually upward through a bed of stones. 
The reports of the chemists who examined it sihowed it to be capablo 
of liquefying the solids of the sewage passing througSi it, and of 
caufldng incidentally a disappearance of a portion of this in the 
f«orm Off gaises. The effluent froan this tamk, otf couree, oooitailiied a 
large quantity of matter in solution, but in a condition which 
rendered it readily oxidizable. By alternating periods of re«ft and 
use, Mr. Moncrieff tried to complete the decomposition by bringing 
about the oxidatioij of the result of the anaerobic liquefaction, but 
without much success. Later, after it became evident that the pre- 
liminary anaerobic action and the subsequent oxidation were en- 
tirely separate processes, he perfected his system by causing the 
effluent to pass through layers of coke placed vertically over one 
another, with intervals of about three inches between. The layers 
are nine inches thick, and the coke is broken to a diameter of one 
Inch. By this means the bacteria corresponding to the different 
phases of the oxidation processes are kept separate from each 
other, and a remarkable degree of purification is the result. 

The system is said to work satisfactorily at rates of from 500,000 
to 1,000,000 gallons per acre of coke bed per twenty-four hours. The 
cost of construction must be considerable, and obviously it requires 
protection from cold, which would add to the expense and prove a 
serious objection to its use in many places. 

CONTACT BEDS. 

Another bacterial system which includes the destruction of the bulk 
of the sludgre is known as the Bactei^ial or Contact Bed System. 
ThlB method was developed by W. J. Dlbdin, while conducting ex- 
periments for the London County Council, the town of Sutton, and 
other places. The average flow of sewage at Sutton is about 
500,000 gallons per day, and chemical precipitation with subse- 
quent land treatment was the method of disposal employed. This 
proving unsatlsifaotory, Mr. Dibdin waa engaged in 1896 to 
adviae with regard to the construction of a bacterial system. The 
methods suggested by him have proved successful there, aa 
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they have since in several other Instances. In the short description 
which follows, the plates and photographs of the Mancheste^ ex- 
perimental plant will be uaed to illustrate the method of working. 
The materials used in constructing the tank as well as that used in 
filling it, vary considerably, but their mode of action is the same. 

The beds are constructed and worked in pairs in the Double 
Contact Syfftem, the sewage passing first througih one and then the 
other, whdoh muet thus ibo at a lower level. The rate of inflow and 
outflow is controlled by valves, sometimes worked automatically. 

The depth of the filtering material is in each case usually about 
three and a half feet. In depressions in the bottom of the tank are 
perforated pipes for draining off the filtrate, which, by an arrange- 
ment of the outlet, remain full aifter the bed la emptied. Immediate- 
ly around these pipes coarse material is placed, but the material in 
the body of the bed is usually of uniform size. The upper of the 
two beds is the coarser. The general arrangement is shown in 
Diagram 1. 

The sewage is first to be passed through a revolving self-cleaning 
wire screen, which removes rags, paper, etc!, and the "grosser 
•olids." It should, especially if from a combined sratem, be alio 
made to pass through a small detritus or sand tank, which inter- 
cepts heavy matters, such as sand, gravel, etc., which do not require 
treatment, and would choke the bed. It is then run on to the first 
or coarse bed, called sometimes the "roughing** filter. The method 
of distributing the sewage uniformly over the surface of this bed 
is a matter of considerable importance in the case of large beds. 
When the bed is filled to within a few inches of the surface, it is 
held so for two of three hours, or for a time depending upon the 
rate at which the system is to be worked. This period of "resting 
full," during which the sewage is in "contact" with the surfaces of 
the filling material, gives the system Its name. 

The outlet valves are then opened, and the bed is emptied at any 
desired rate. It is then allowed to rest empty for a definite period, 
at the end of which the process is again repeated. The time of a 
complete cycle thus includes the time of filling, resting full, empty- 
ing, and resting empty, and depends upon the number of complete 
cycles to be made in twenty-four hours. This is usually not more 
than three or four at most. At regular intervals of a week or 
longer the beds are left empty for a whole day. The process taking 
place in this coarse fllter, especially when standing full, is largely 
anaerobic, as shown by chemical analysis of the effluent. The 
sludge d!is4ippears in the beds, and does not accumulate, being 
broken down and liquifled by bacterial action. The completion of 
the process,— the oxidation of the effluent from the coarse fllter, is 
•ccomplished by the second or finer bed. When the coarse bed Is 
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emptied, the effluent Is run into the fine one, which is worked in 
the same way as the first. The organic matter being in a suitable 
condition, the process here is chiefiy oxidation by the aerobjc bac- 
teria. 

The effluent from this bed has a good appearance, is free from all 
objectionable odour, and keeps perfectly sweet in open or closed 
vessels. 

The percentage purification shown in the Sutton experiments is 
given by Dr. Rideal as follows: — 





Oxygen 
Absorbed, 


Free 
Ammonia. 


Albuminoid 
Ammonia. 


Suspended 
Matter. 


By the coarse bed.. 
By the fine bed.... 
Total purification. 


53 
29 

82 


69 
21 
90 


47 
25 
72 


94.0 
4.4 

98.4 



A thdrd bedi of Btill finer matetriial mA(y be add^, if a higher 
degree of purification is desirable, which will rarely be the case. 

The filtering material may be coke, clinker, broken stone, broken 
bricks, burnt clay, slag, ashes, etc., according to the cost, which will 
vary with the locality. Of these coke seems to have some slight 
advantage over the others, and is more generally used. At Lich- 
field coal has been used, with good results. In fact, one of the 
great advantages of the system is, that material that will serve 
the purpose can be found in some shape or other in almost every 
locality. The construction of the tanks need not be expensive. 
The sides may be sloping, which favours cheap construction. In any 
case, the beds are usually quite shallow. Experiments have been made 
with filters as deep a9 13 feet, but the tendency seems to be towards 
three and a half feet beds, and several cycles in the course of 24 
hours. The tanks will usually be built of concrete or brick, though 
one of the Dibdin tanksf at Sutton was made in heavy clay by dig- 
ging a pit about three feet deep, burning the excavated clay, and 
using it for the filtering material to fiW the pit with, after the col- 
lecting drains for the effluent had been put in place. 

This system requires a fall somewhat greater than the combined 
depths of the beds, which may in some cases necessitate pumping. 
The preliminary digesting bed of the Scott-Monorieft system, on the 
contrary, requires only the very slight fall necessary to overcome 
the resistance to the fiow through the beds. 

The process is not completely anaerobic at any stage, hence the 
necessity for screening, and also the tendency to loss of capacity 
from the accumulations among the particles of the bed of fragments 
of straw, chafC, etc. This reduction of holding capacity proceeds 
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rather rapidly at first, but ©eems In many (fbut not in all) casea to 
finally reach a maxitaium which is permanent. The time occupied 
in filling, resting fudl, etc., the length of the cycle, the length of 
the interval between the lengthened fperQO<is of rest and aeration, 
vary with the quantity of sewage, the rate oi fiow, material, etc. 
Tl-«9 system is already in use in several places, and is working 
satisfactorily. 

Whether such materials as burnt clay, coke, etc., will be peima- 
nently effective, and not dlisin/tlegrate, is yet tx) be proved. 



SEPTIC TANK. 

The invention of this system is: claimed by Mr. Donald Cameron, 
city surveyor of Exeter, England, A plant built by him for the 
disposal of a portion of the sewage of that city has been in operation 
since 18%. Diagram 3 shows a sketch plan, and Pho-tograph 3 a view 
of the works. 

In this system, as in Moncrieff's, the purely anaerobic part of the 
decomposition process is kept quite separate from the aerobic. 

After passing through a small "grit chamber," which intercepts 
sand, gravel, etc., the sewage, without further preparation, enters 
one end of a long, narrow tank, seven or eight feet deep, through 
which it flows very slowly, finally escaping at the other. In the 
Exeter plant, this tank is 56 feet 10 inches long, 18 feet wide and 
7 feet 6 inches deep. The grit chamber is 7 feet long, the same 
width as the tank, and 10 feet deep. The sewage flows from this 
chamber into the tank over a bridge wall one foot below the level 
of the sewage which is kept constant. The outlet consists of a 
horizontal slotted pipe extending the width of the tank, and also 
situated a foot below the surface. The object of this relation of 
inlet and outlet to depth and width of tank, is to cause as little dis- 
turbance as possible to the contents of the tank, and to produce 
a uniform flow in all parts of it. Th^ rate of flow will be very 
slight, not averaging as a rule more than one inch per minute. 
A certain amount of mixing which takes place has the effect of 
rendering the sewage ,which ^escapes from the tank more uniform in 
quality than wlien it arrives. 

This tank is built of concrete, and is arched over and covered 
with turf to exclude light and air. The conditions are thus essen- 
tially anaerobic, and the process, which has probably already begun 
in the outfall sewer, is carried on under the best possible circum- 
stances. It does not reach its full intensity for some weeks after 
being put into use, during which time the bacteria are developing 
and establishing themselves. The changes which take place are. 
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accardin<g to Dr. Rdd^eal, of the naiture of 'th<e 'hydrolytic ones already 
referred to, and indicated by the .inner path on the diagram (A), 
connecting "Fresh Organic Matter" with "Free Ammonia, etc." 

In the Exeter tank there is a glassr inspection well, from which 
the action going on in the tank may be observed. When the sewage 
enters the tank any light fatty matter it contains rises to the sur- 
face, while the heavier sludge falls to the bottom. Here there is great 
bacterial activity. Anaerobic bacteria begin to break down and 
liquify the srolids, liberating various gases, which, appearing as 
bubbles in the body and on the surface of the masses of faeces, etc., 
caus-e them to float to the surface, where they soon form a leathery- 
looking scum from two to six inches thick, in which the proces-ses 
of decomposition and liquefaction go on with undiminished activity. 
The greater part of the solid matter is thus thrown into solution 
during the elow progress through the tank, but a considerable por- 
tion is converted into gas, the bubbles of which, continually rising 
and carrying up bits of solids from below, keep up a constant mix- 
ing of the contents of the tank. 

The location of the inlet and outlet prevents the layers on the 
surface and bottom from being disturbed. The effluent, which is 
drawn from between them is dark in colour and offensive in odour. 
It contains more matter in solution, but has losrt on the whole a 
considerable percentage of organic matter, — chiefly matter in sus- 
pension. The percentage purification is given by Rideal as 29, 
measured by oxygen absorbed, and 46 by organic nitrogen removed. 
Corresponding figures from Dr. Dupre, chemist to the Medical 
Schools, Westminster, are 63.5 and 27.7. As we have seen, much 
of this has been converted into gas, largely methane or marsh gas, 
(C H j). which rendiers it inflammable. This is wllected at Exeter 
and used for lighting about the works. 

The active decomposition going on at the bottom of the tank 
prevents the accumulation there of much organic matter. After 
being in operation for three years, the deposit at the bottom of the 
Exeter tank had not accumulated to such an extent as to make 
its removal worth wjiile. When this becomes necessary, it Is drawn 
off through a sludge pipe under the bottom. It is a dark, peaty- 
looking substance, about one-third organic. It may be used for 
filling, as the smell is not disagreeable, and It Is to outward ap- 
pearance, very much like ordinary prairie soil. 

The surface layer at first Increases In thickness, owing to the ac- 
cumulation of the more resistant materials; but they also finally 
euccumb to the Intense bacterial action, and, after that, the depth 
of this ffcum, though fluctuating somewhat, remains fairly constant. 
It Is an InitereBtilnig fieu^t that full bacterial activity may be set up in a 
new septic tank In a very much shorter time If It Is "Inoculated" 
with a portion of the scum from a working tank. 
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Ab hsm bean aaid alToady, tbe effluent from tlito tank lam aArsftdy 
been considerably purified. The total amount of organic matter 
has been greatly reduced, and what remalDS is largely in solution, 
and in a condition which renders it very easily oxidized. Hence, 
Im some ocusee, liit may (be tunned- at oooe wMfluout furtber treataneolt 
Into a body of water. But usually further treatment will be re- 
quired, and this is provided for in the system by contact beds. Into 
which the effluent from the tank is run after passing over aerating 
weirs. These beds of the Exeter plant, shown in Diagram and Photo- 
graph 3, are each 96 feet long by 20 feet wide, and filled lo a depth 
of 4^ feet with crushed furnace clinker, resting on 6 inches of 
coarse gravel. In filter No. 3 coke breeze is used instead of clinker. 
The filtrate is collected by a system of underdrains. The flow 
through the septic tank is continuous,. but the filters are worked iu 
much the same way as the contact beds already described; that is, 
they are flrsrt filled, then held full for a time, then emptied, and 
after resting empty for a time have the same process repeated. In 
the Exeter plant the opening and closing of the necessary valves 
is effected by an automatic arrangement, which causes the beds 
to act in rotation, thus securing great regularity with very little 
attention. Some such device is necessary in any system of beds 
operated in this vay. 

In these aerob'ic beds the products of the fermentation which 
has taken place in the septic tank are acted upon in the presence of 
oxygen by aerobic bacteria, and a very high degree of oxidation 
takes place. The total percentage purification effected by tank and 
filter, as shown by analysis, is as follows:— 

Albuminoid Oxygen 
Authority.' Ammonia. Absorbed. 

Dibdin and Thucidum 63.2 80.9 

Dupr6 84.9 88.3 

Pearman and Moor 80.0 90.0 

Periclns 64.4 78.7 

Rideal 77.0 82.0 

The eflliuent is olleaT im aj>pea:ran<^e. with very Mritle colour, and 
without any offcmsive odour. It keeps well without showing any 
tendency to putrefy, and is said to be quite as satisfactory ae that 
obtained from well-managed sewage farms. An advantage of the 
system is that there is almost no loss of head in the tank, and 
that thereflore the only fall necessary is that required by the bsds. 
Ihe three processes described above are the mosrt important of 
those which separate the process into an anaerobic and an aerobic 
portion. The order of the operations is shown by the inner path 
on the left side of diagram (A), the "partial aeration" step corres- 
ponding to the changes between the completely anaerobic and 
oxidizing stages. 
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There are also the Lowcock, Waring and Ducat processes, which 
are chiefly aerobic at ali stages. The object of these methods is, 
by bringing large quantities of air in contact with sewage by 
mechanical means, to enable the filters to be worked continually. 

LOWCOOK'S SYSTEM. 

In the Lowcock system the beds consist of a bottom layer of 
ecarse coke, a body of coke breeze, and a top layer of broken stone 
and sand. The air enters at a low pressure through the outlets, 
which are always kept open. In the plants in operation at present, 
liowefyer, daily periods of rest are said to be found necessary aa 
well as preliminary sedimentation. 

DUCAT'S SYSTEM. 

In Ck)l. Ducat's system the beds are composed of layers of V4 to ^ 
inch vitrified clinker, alternating with thin layers of coarse pebbles. 
The walls are composed of short lengths of 6 inch drain pipes set 
in mortar, with an- upward tilt towards the outside to prevent the 
esoBpe of the aerwage as It trCckies through' Iflue bed^ and at the same 
ttane to proTide foi? He aemtle^n. 

WAKING'S SYSTEM. 

The method devised by the late Col. Waring at Newport consists 
of a screening tank of broken stone, through which the sewage 
sinks in one part of the filter and rises in the other, after passing 
under a dividing wall. This bed removes the coarser suspended 
matter, which eventually clogs it. It is then thrown out of use, 
and a current of air from a blower is made to pass upward through 
It, and maintained for a few days, until the accumulated solids dis- 
appear, as they are said to do, under bacterial action. The effluent 
from these "strainers," as they are called, is run on to beds of 
crushed coke, covered with sand, through which it passes downward, 
meeting air currents, which are forced in through the collecting 
pipes which cover the floor. The system is in operation at Willow 
Grove Park, Philadelphia, where it is said to work satisfactorily, 
the effluent being used to sprinkle the roads and lawns in the park 
and the neighbouring residence avenues. 

With these methods, besides the cost of artificial aeration, protec- 
tion from cold is necessary in winter, which adds to the expense. 

MANCHESTER EXPERIMENTS. 

About the middle of 1898 the Council of the City of Manchester, 
England, engaged Messrs. Baldwin I^atham, Percy Frankland and 
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W. H. Perkin, Jun., three of the most distinguished experts on the 
subject in England, to advise them as to the choice of a new system 
cf sewage disposal for the city. The dry weather flow of sewage 
amounted to 30,000,000 gallons per day, and the method of dis- 
posing of it was (as now) by chemical precipitation and partial land 
treatment. The effluent from the precipitation tanacs was discharged 
into the Ship Canal, but the puriflication was so Inadequate that the 
fouling of the canal water was the cause of frequent complaints, 
which finally led to the employment of the board of experts men- 
tioned above. In making their investigations and reports they 
had the advantage of the experience of a great many plants In 
operation, including most of the new bacterial systems described 
above. After visiting and examining- many of these plants, and 
carefully considering various processes, the board decided that the 
raost promising method of disposal would be by one of these bac- 
terial processes. And to verify this view, and at the same time to 
i.Tjdlcate which would prove most suitable for Manchester, they 
undertook a series of experiments, 1st, with bacteria or contact 
beds; 2nd, with the septic tank system, and 3rd, with the Roscoe 
filters. As it was a combination of the first two methods that was 
finally recommended, a short description of the plants used, and 
seme of the concluslonfi arrived at, will now be given. 

Diagram and Photograph 1 show the contact bed plant. The 
tanks, situated as shown, were constructed of concrete 6 Inches 
thick, and plastered with half an inch of cement mortar. They are 
33 feet 6 inches square on top, and 17 feet 6 inches on the bottom, 
and 4 feet deep. The bottoms are channelled to receive the 6-lnch 
and 2-inch perforated pipes for drawing off the filtrate. The filtering 
medium is composed of clinkers laid to a depth of 3 feet. With the 
exception of the rough material Immediately surrounding the pipes, 
the size of the clinkers Is uniform throughout the bed. Five beds 
were used, the material being of a different size In each bed. In 
the finest it was from % inch to '^^ inch; in the coarsest from 1 Inch 
to 3 inches. 

These beds were worked in pairs, according to the method already 
described, of periods of filling, resting full and emptying. They 
were worked with raw sewage, sewage settled in a comparatively 
sma31 tank, and sewage which had undergone anaerobic action in 
one of the large open precipitation tanks. 

The septic tank plant is shown in Diagram and Photiograph 2. 
The tank is constructed of concrete plastered on the inside witb 
cement mortar. It is 40 feet long, 12 feet wide, and 9 feet 2 inches 
high, having an arched roof, in which air-tight manhole covers are 
placed for inspeetion. There is a grit chamber, and the effluent 
passes in thin sheets over the sides of an aerating trough, before It 
goes to the filter beds, which are six in number, and of the average 
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area of 294 square feet. Two-inch and four-inch butt-jointed per- 
forated drains are iaid on the bottom to collect the filtrate. 

The filtering material is 4 feet deep, and is compoEred as follows 
from the bottom upward: — 

1 foot in depth of clinker, 1 inch to 3 inches. 

2 feet 9 inches screened clinlker, j^ inch to % Inch. 

3 inches of residue from above, which will pass a yi inch mesh. 
These beds are filled and discharged automatically. 

It was found in the ooursa of the experiments, as it has in other 
places, that the oi>en septic tanks produced results equal to those of 
the closed tanks; the amount of air t>r light which can be absorbed 
when the scum covers the tank not affecting the action. The 
mixing of the sewage in the tank?, which renders it more uniform 
in character is regarded as being of great importance in the further 
purification in the beds. 

The system finally recommended by the experts, was treatment by 
an open septic tank and two contact beds. A satisfactory effluent 
can be obtained in this way at the rate of about 700,000 gallons 
per acre per day. The sewage of Manchester contains an unusually 
large propoi-tion of trade wastes, which it was at first thought 
would render bacterial treatment unsuitable, but the results of these 
experiments have removed all doubts as to its capability in this 
respect. 

The plant, which is to deal with a daily dry weather fiow of 
30,000,000 gallons is recommended to consist of 60 acres of contact 
beds, which are thus to be capable of purifying at the rate of 
500,000 gad'IoiDS peir acre peir day, aililowlitns omid da^ a wefek tat rest 
The system is also to be capable of dealing with a storm water fiow of 
90,000,000 gallons per day. This is eftected by storing the first fiush 
of storm water for regular treatment, since it is almost as foul as 
the sewage; and then disposing of the rest, which will be greatly 
diluted, by an accelerated bacterial treatment of short double con- 
tacts, or, where the dilution is great, by single contacts. Experiments 
were made with the storm water to show this to be possible; and 
an additional area of 25 acres was estimated to be necessary for the 
purpose. The material recommended for the contact beds is % inch 
to 1% inch clinker. 

The expeittis expinesis their oonfidjeinoe in the ca^po/blMty of this 
method to produce an effluent which will not only not pollute the 
canal water, but will materially improve its condition; and they 
further expect that the saving in the expense of operating the 
system when compared with that necessary in connection with the 
present plant, will oftset to a very considerable extent the cost of 
constructing the present works. 

The data in regard to the cost of constru-ction of bacterial sys- 
tems, is as yet necessarily rather limited. In any case, it would 
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be impoeslble to give any statement or estimate of cost whidi 
would be generally applicable. The coert of constructing the beds 
and tanks will depend upon the price of the materials used, and the 
natare of the site available. But In comparing such systems with 
sewage farms or intermittent filter beds, tbere are other things 
to be taken into account besides the first cost of the plant 
itself. The great area of land required for the latter methods us- 
cesdltate their location at a considerable distance, and as this land 
muift ^so be of Bpecisil quality, pumping will often be required. 
With bacterial plants, on the contrary, the choice of a location 
is not limited by the necessity of finding proper material, the area 
required is relatively small, and their operation, especially when 
the tanks are covered, does not cause a nuisance even in the im- 
mediate neighbourhood. They may therefore be placed to suit ths 
natural outfall of the system, and usually so as to receive the sewage 
by gravitation. It sometimes happens that a partial purification 
only iff all that is necessary, such as the removal of sludge and 
floating material. In such cases treatment in the septic tank alone 
will be sufficient. For these and similar reasons the adoption of 
this method may result in a considerable saving in the expense of 
constructing long outfall sewers, pumping plants, etc., which should 
be credited to it when making comparative estimates of cost. 

The operating exi)ensetf will certainly be less than for any of 
the artificial processes, an^ will probalfty not be greater than for 
land treatment. 

In conclusion, it may be stated that the experience of the last 
four or five years seemg to Indicate that the main problems in the 
disposcal of sewage have been solved; and that further progress 
will be In the direction of improvements in the methods of applying 
the principles, and in the details of operation. 

Whether the preliminary liquefaction, which is the distinguishing 
feature of these new bacterial methods, is essentially anaerobic or 
not is not certain, in view of the action which takes place in the 
coarse bed of the Dibdin ^stem. In any case preliminary treatment 
In an open or closed septic tank seems advisable. 

A system of this kind is especially adapted for isolated plants such 
as for large couatry houses, hospitals, schools, etc., being compact in 
arrangement, and, w^hen 'covered, free from nuisance, while at the 
same time protected from the effects of cold. 

The degree of purification effected by such methods has been 
already referred to, and the effluents have been shown to be en- 
tirely satisfactory, both from the point of view of their chemical 
purity, and of their freedom from putrescible matefrial. The bacterial 
efRclency Is, however, very low, the number of bacteria In the 
effluent not being very greatly less than In the raw sewage. This 
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is, of course, an advantage rather than an objection if the discharge 
is into a stream not used lower down as a water supply; since the 
bacteria will tend to bring about the further oxidation of any 
organic matter which may atiU remain in the sewage. The possible 
presence of pathogenic organisms among the rest would seem to 
constitute a danger if the water were subsequeotly used for drink- 
ing. The opinion of those who have investigated this subject seems 
however, to prove thjot the conditions in the eoeptic tank and filter 
beds are decldiedly aoitagonlstic to ithe existence of thie typhoid 
germ, for instanoe, and that the choncee of pathogenic bacteria 
survivilLg the passage through tank and beds are small. Dr Rldeal 
has suggested sterilizing the effluent, in cnees wliere It is necessary, 
by chemical meams. 

In considering this matter, however, it muert be remembered that 
the object of purifying sewage is not to produce a drinking water. 
Such a result is, of course, often desirable if it can be obtained 
without undue expense. But when a community has purified its 
Btwage by the methods Just described, before discharging it into 
a water course, it would seem as if all reasonable precautions had 
been taken, and its duty in that respect had been fulfilled. If the 
water is subsequently required for a domestic supply, it should be 
the part of the community so using it to provide any further guar- 
antee as to its wholesomeness and freedom from danger. Such a 
mutual arrangement between places thus situated with reference to 
each other would ensure greater efficiency, more satisfactory results, 
and at the same time an equitable apportionment of the cost of 
the necessary sanitary works. 

s 
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DISCUSSION. 

Mr. w. .\L The paper by Mr. Lea on Sewage Digpoeal is a concise history of j 

^ bacterial treatment of sewage up to the present time, written in such a 

clear, logical manner as to make it very interesting ; the graphic illus- 
tration of changes in living and dead organic matter is very ingenious. 

Mr. Lea makes the statement that the new bacterial methods solve / 
the problem of sludge disposal ; it appears, however, to the writer that 
this is going rather farther than the facts would justify. The experience 
of places where these methods have been tried is that about 20 per cent. ^ 
of the suspended matter in sewage is deiK>8ited as sludge ; this sludge is / 
composed chiefly of inorganic matter and is inoffensive in character, but 
still provision must be made for its removal. 

In the contact bed nystem lack of permanency must be a serious objec- 
tion ; the clogging is by inorganic matter, and prolonged aeration does 
not relieve it ; preliminary ^sedimentation would apparently remedy this. V 

The septic tanks constructed at Urbana and Champaign, Ills., by Prof. ^ 
Talbot were installed al)out the same time as those built by I>onald ^ 
CSameron in England, the chief difference being in the capacity, the Eng- s,^^ 
lish tanks being about twelve times the size of the American tanks. It 
would be interetfting to know whether the difference in the character of ^ y 
the sewage necessitates so great a difference in the capacity of the tanks. J^ 

The presence in tank ettluents of elements, which are absolutely necea- ^ ' 
sary to the growth of the plants, would suggest the economy of utilizing *« 
tlie effluent where practicable for the irrigation of a sewage farm. It is \ 
probable that the revenue from the farm would materially reduce the ?^< 
expense of management of the disposal plant. ^\ 

Mr. R S. Lea Mr. Lea in reply to Mr. Davis said his paper was read from the manu- ^1 
script in April, 1901), and hence no proofs were sent out in advance as 
is oustoiuary. As published in the Transactions of the Society, it is con- 
>:iderably extended, and some slight modifications have been made in 
accordance with further experience in the working of bacterial metlnxU - - 
of disposal. • 

Regarding the statement referred to by Mr. Davis, that these methods 
solve the problem of sewage disposal, what the author means is that 
the utilization of the action of the anaerobic bacteria as a prelimary / 
to the subse^iuent oxidizing processes furnishes the true solution of the ^ 
problem. There is, of course, still nmcli to learn regarding the details 
of the process under different circumstances, but, if the results obtained 
by Prof. Talbot in the Champaign tank,wliich Mr. Davis refers to, could be 
depended up<in in all cases, the chief difflculties in the disposal of sludge 
would be removed. 

There is no doubt that the proper capacity and method of working 
the septic tank depends to a great extent n^xju the character of the sew- 
age, and it is not reti-^onable to exi)ect satisfactory results unless this is 
taken into account. In any case the sewage should remain in the tank 
ten or twelve hours in order that septic action should take phice. 



\ 



r 



Diagram jA . Io accompany I^aper. an 
Sewage JDisposal by R.SJLecu. 
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Thursday, 3l0t May. 

G. H. DuGGAN, Vice-President, in the Chair. 

Donations to the Literary were reported as follows: 

Forty-six volumes. Report of Chief of Engineers, U. S. Army, 

from Mr. P. W. St. George, M.Can.Soc.C.B. 
"Induction Coils and Coil-Making," from Mr. H. L. Shepherd, 
The following letter, addressed to Dr. Bovey, was read:— 

"Dear Sir,— 
Your letter of May 23rd, addressed to W. H. Wiley, at hand. In 

reply, we mail you this day our catalogue. Please mark to the 

amount of $50 the books you would like, except those that are 

starred, and we will send them. 
Hoping this is satisfactory, we are, 

Yours truly, 

JOHN WILEY & SONS." 

On motion of Mr. L. Skaife, * seoomded by Mr. G. H. Duggan, it 
was resolved: "That the thanks of the Sociefty be transmitted to 
Messrs. Wiley & Sons for their gift to the Library." 

Messrs. W. C. Thomson, B. S. M. Lovelace and S. F. Rutherford, 
having been appointed scrutineers of the ballot, reported the fol- 
lowing as elected:— 

Member. 
CUAS. Febgie. 

Associate Members. 
W. B. Mann, G. Stead. 

Transferred from the class of Associate member to the class of 
Menvber: 

W. Chase Thomson. 
Transferred from the class of Student to the class of Associate 
Memiber: 

B. Loignon, W. a. Macdonald, 

A. J. MacDouoal, J. L. Tighe. 

Students. 
D. M. Campbell. J. A. Campbell. 

L. B. Chubbuck,, G. O. Gbundy, 

E. P. Johnson. 
5 
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ENGINEERING RECORDS IN THE RAILWAY OPERATING 
DEPARTMENT. 

By C. E. Cabtwright, M. Cat?. Soc. C. E. 

When, on completion of construction, a railway is turned over to 
the operating department, it is generally found that the maps, pro- 
files and other records are far less complete than generally sup- 
posed. Even with very careful location, the unevenness of the 
ground, obstructions from trees and changes made during construc- 
tion, introduce inaccuracies in distance, breaks in chainage caused 
by changes of alignment increase or decrease length of line and are 
difficult to keep account of. 

The profiles also have been made with differing datum and 
changes of grade made at the last moment, are often unrecorded. 
Sidetracks, buildings, water tanks, etc., are seldom definitely lo- 
cated until construction is nearly complete, and not generally until 
after the general construction work is finished. 

Altogether, even at the best, the plans and records are more or lesa 
deficient. 

Sometimes, also, a railway company acquires an old line from an- 
other company, or several short lines are amalgamated; in these 
cases it is often found that the records are almost altogether lack- 
ing, or are in a very incomplete and unreliable condition. Often 
the engineer in charge will find that he will have to get along the 
best way he can with the information available, making special 
surveys as the necessity arises; these surveys will be made in a 
hurry for some special purpose and will be of little or uncertain 
value for other uses. Surveys of this kind accumulate, made by dif- 
ferent parties for different purposes, with varying degrees of accu- 
racy, and after a time it is seldom known how much reliance can 
be placed in them; in consequence it is often necessary to revisit 
the ground and make new surveys; a great amount of work has 
to be done, which would have been unnnecessary if reliable plans 
existed. 

The remedy for this state of affairs is a complete re-survey of the 
whole road, especially when it is an important road in a thickly 
settled country, with towns and villages at short intervals. 
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On a railway in the Central States, with which the writer was em- 
ployed, it was decided to make a complete re-survey, the line hav- 
ing been recently acquired from another company; the few exist- 
ing plans were incomplete and disconnected, a great amount of 
uncertainty existed as to the company's title to right of way and 
other property, and it was also proposed to expend a considerable 
sum in improving alignment and grades, accurate plans and pro- 
files being needed for this purpose. ^' 

The railway was first carefully measured from end to end, start- 
ing with zero at one terminus; a 100-foot steel tape was used; each 
hundred-foot station was marked with white paint on the inside of 
the rail; every tenth station was referenced by an oak stake. 3 in- 
ches square, set 7^ feet from the centre line; stakes were also set 
at every mile, to be afterwards replaced by standard mil^ posts. 
After the measurement was completed, the line was gone over by 
the transit party. This party made a traverse of the line, not stop- 
ping to run tangents to intersection and put in curves, simply get- 
ting a record of the centre line of the track, as they found it on the 
ground. On tangents, a sight would be taken oh the track ahead 
as far as visible, and a straight line run, any deflection in the track 
being noted. 

The intersection of all township, section, quarter-section and prop- 
erty lines were obtained, the angles recorded, and distances meas- 
ured to the nearest section or quarter-section corners, one mem- 
ber of the party being employed most of his time in looking up 
monuments. 

Plusses to points of intersection were obtained from the stations 
marked on rails by the measuring party. 

A record was made of the fences on each side of the rignt of 
way, and distance from the centre line, this being often important 
as a means of determining a disputed boundary, where the fence 
had been in existence for a long period, as many deeds did not 
state the width of the right of way. 

In villages and towns, the streets and lots adjacent to the com- 
pany's property were located; all important factories, with the 
tracks leading to them, even if on a foreign railroad, and all sid- 
ings and structures on the company's property, particular atten- 
tion being given to apparent encroachments, it being often found 
that buildings were wholly or partially on the company's property 
without any lease having been made. In making a survey through 
a village or town* the transit party was furnished with copies of 
the official plates, previously obtained at the county seat, to aid them 
in locating lines and streets. 

The transit party measured all bridges, buildings, culverts and 
other structures, located all "Y" and railroad crossings, and public 
and private road crossings. 
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The level party followed, taking levels at every hundred-foot sta 
tlon, on top of tie, at ends of bridges, on railway crossings, of level 
of water in streams, and appruximate levels of adjacent ground. 
Check levels were run and bench marks established at about half 
mile intervals, and oftener at places likely to be needed. Levels 
were connected with sea levels taken from United States Govern 
ment surveys. The plans were drawn on white drawing paper in 
sheets, on a scale of 400 feet to an inch, each sheet showing the line 
across a square mile section of land, a whole section or two ad- 
joining half-sections being shown on the sheet. 

The top of sheet was noith in every case, all distance and 
angles obtained on the ground to section and property lines were 
recorded on the sheets. 

On top of each sheet was a plain title giving number of cection. 
township and range. 

All deeds and agreements were carefully gone over and compared 
with the plans, right of way coloured in red, with name of grantor, 
page, and number of record book, and any conditions in deeds noted 
on plans. Villages and towns, where the scale of 400 feet to an inch 
did not allow sufficient detail to be shown, were drawn also on a 
scale of 100 feet to an inch, a large town often requiring Bcveral 
sheets, the same ground being covered, with less detail, on the 
smaller scale. 

The sheets, when completed, were numbered and bound toj^cthcr 
by counties, the first page being devoted to title and the second to 
an index map of the county, showing the route of the railway. 

The centre line was drawn in red ink. all station numbers and 
plusses being also in red; distances and all lettering were shown 
in black. 

Before binding, all the plans were copied on tracing linen. 

The profiles were drawn on the usual scales of 400 feet to an 
inch horizontal, and 30 feet to an inch vertical. 

In cases where the engineer Is unable to have a complete rf»- 
survey made, it will be advisable, as time permits, to make accu- 
rate surveys of all yards and station grounds, depending for gen- 
eral details of alignment outside these limits on the existing right 
K>f way maps. 

If an accurate set of yard and station ground plans are obta'ned 
to start with, it will be a comparatively easy matter to keep them 
correct as changes are made. 

A statement should be prepared, giving length of all siding?, 
spurs and '*Ys," made* from actual measurements, and not from 
foremen's reports. The form can be made with several blank coi- 

ums to be filled in from time to time, with 'Track laid during ." 

"Track taken up during ." "Total length on ." This sUte- 
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ment will show at a glance length of track on any siding, and avoid 
a search on plans and profiles for the information. 

A chart, showing graphically the different makes, weights and 
date when laid, of the rails In use should be made, and corrected 
as new rails are laid. 

A bridge book should be kept, devoting a page to each bridge or 
trestle, giving style, spans, size of stringers, when built, when re- 
paired or rebuilt, conditions when Inspected* etc. 

A record should be kept of all leases of the company's property, 
a copy of lease and plat filed. 

Detailed statements should be kept of the actual cost of all struc- 
tures built, and, on completion, plans made showing the structure 
actually as built, showing depth and character of foundations of 
bridges, retaining walls, etc., and all differences from the original 
designs. A condensed plan and profile may be prepared when time 
permits, showing a great amount of general information, useful in 
the track and operating departments. The scale will depend some- 
what on the length of line it Is desired to represent, but, even on a 
scale as small as one mile to an inch horizontal, and 100 feet to an 
Inch vertical, the principal grades, sections, mileage, water tanks, 
sidings, railway crossings, etc., can be shown. 

The plan will probably have to be somewhat distorted in order 
to keep it on same paper as the profile, and lengths of sidings and 
size of structures exaggerated. The arrangement can be somewhat 
as follows: 

On top A series of lines showing number of telegraph wires; lines 
showing the fencing, the mileage and the track sections; below this, 
a plan or graphical chart of the line, showing general geography 
and alignment, degree of each curve being shown by figures. Then 
the profile, showing bridges, grades, stations, etc.; below the pro- 
t\e a series of lines showing rails. Joints, ballast, and new rails, 
new joints, new ballast. 

An important matter is a system of filing plans so they can be 
quickly found when needed. When blue prints are much used, it is 
best to file the tracings. When plans are numerous a card index 
will be found most convenient. A plan can be indexed on the cards 
under several headings, and new plans can be added and changes 
made without spoiling the index. 



DiaCUdSION. 

Mr. w. T. Mr. Cartwri^ht'B paper on "Engineering Records in thts Railway 
*"" "*^ Operating I>epart!ment" containa numerous good suggeestions to 
young engineers or those untrained in or unaccustomed to tlie usages 
of a large and well regulated engineering office. 

Tlie RaAlway Act of Canaxla contains aections clearly defining tthe 
records, plans and profiles required for registration and other pur- 
poses in this country, and which largely cover the useful require- 
ments in this branch of engineering. 

The lack of method, through want of proper apprenticeship or 
training, is one of the conspicuous features among our engineers, 
and until the Society maps out a oouree of procedure for the guid- 
ance of the engineers of the future we need not expect any great 
improvement. 

The desire to "save?'* money, as so often seen in the conduct of 
railway "promotion" and construction work, especially if of the 
"bonus*' description, is not conducive to good engineering results. 
On the contrary, it has to answer for many of the so-called short- 
conaings of engineers in the matter of general and final working 
plans and records. 
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P»per No, 153. 

THE CARILLON CANAL, DAM AND SLIDE. 
By Ernest Maboeau, M. Can. Soo. C. B. 

I. 

Before entering upon the description of the works named in the 
above heading, it may not be out of place to give a short history 
of what was done in former years towards improving the naviga- 
tion of the second in importance of the Canadian rivers. 

The Ottawa or Grand River, as any one who ever glanced at a 
map of the country knows, is the natural route between the head 
of ocean navigation at Montreal and the Canadian West, it being 
by long odds the safest and shortest. It was consequently the 
first used by European settlers in their trade intercourse with the 
western aboriginal tribes, as also by the discoverers, who, in the 
hope of reaching the shores of China, traveled in the direction of 
the setting sun. 

It would therefore seem natural that this route should have 
been perfected before the alternative one of the St. Lawrence, but 
the better conditions of climate and the greater agricultural resour- 
ces of the valley of the latter river soon brought the bulk of set- 
tlers towards it, and the rapid development of this part of the 
country, including the shores of the lower Great Lakes, promptly 
caused the Ottawa River to be only frequented by fur traders and 
later on by lumbermen, so much so that, up to the beginning of 
the present century, the Ottawa Valley above Bytown was still a 
wilderness with only a trading post here and there. 

After the experiences of the American War in 1812, it became 
evident that some means of communication between the lower St 
Lawrence and the upper part of the country, safer than those al- 
ready in existence, must be provided, and the construction of what 
was termed the Military Canals was decided. 

These comprised the Oarllloii, Chute-arBlondieau, GrenvlUe and 
Rideau Canals, the calibre of which was calculated to meet the 
requirements of the trade at the time, as well as those of the traiiA- 
portation of troops and military stores. The cost of their con- 
struction was borne by the Home Government, and they were man- 



(1) The facti« and figures relating to the Military Tanals as well as to tLe original 
works on the Carillon Canal, Dam and Sltde are compiled ft-om the Canadian Blue 
books and other public documents. 
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aged and maintained by the Imperial authorities up to the year 
1857, when they were transferred to the Goyemment of Canada. 

Work was inaugurated in 1819 on the Grenville Canal, which is 
situated on the north shore of the Ottawa alongside of the Long 
fiault Rapids. This canal, 6% miles in length, had seren locks* 
overcoming a rise of 48^ feet* and was located as shown on 
Plate No. L 

The original design for this, as well as the other military canals, 
contemplated locks corresponding in sise to those of the Lachine 
Canal at the time, viz: 108x20 feet and, in 1828, the three upper 
ones had already been completed in accordance with this plan. Dur- 
ing that year the Rideau Canal was commenced. The dimensions 
adopted for the locks being 184x33 feet, it was decided to make tliS 
locks remaining to be built on the Ottawa route of the same size, 
with the evident intention of increasing, at a later time, the di- 
mensions of those already constmcted. 

The Chute-a-Blondeau Canal consisted of a mere cut, one-eighth 
of a mile in length, through a projecting rocky point on the nortli 
shore of the river, about 1% miles below the foot of the GrenTiUe 
Canal. The lock was 108 feet long, 82 feet 10 inches at the upper 
end and 36 feet 4 inches at the lower end, with 6 feet of water 
en the sills. No walls were built here except at both ends to re- 
ceive the gates. As its name indicates, this lock overcame tha 
Chute-^-Blondeau, the descent of which was 3 feet 9 Inches. 

About four miles below this point are found the Carillon Rapids, 
along which the river, in its natural condition, descended 9^ feet 
In a distance of a couple of miles. 

The canal, 2% miles in length, was located on the north shore, 
and, in order to avoid an extremely deep cutting, a summit level 
-was provided, with a feeder from the North River, as shown on 
Plate II. The total lockage thus created amounted to 41 feet 6 in- 
ches, of which (in ascei^ing the river) 25 feet 9 inches were up- 
wards and 15 feet 9 inches downwards. Of the three locks built, 
the two at tho lower end were combined ones. 

The width of the locks on the Carillon and Chute-^-Blondeau 
canals, as well as in the lower reaches of the Grenville Canal, was 
about 33 feet, but the dimensions of the larger boats that could 
pass along from Montreal to Ottawa were governed by the smallest 
lock on the Grenville Canal, the width of which was only 20 feet, 
iWith a maximum available depth of 6 feet on the sills. On the 
other hand, the Rideau Canal, with its 47 locks 134x33 feet, could 
only admit vessels drawing 4 feet 6 inches. 

With this limited accommodation, however, the traffic along the 



• By the construction of the GarUlon dam the fall in the Long Sault Bapids was re- 
daoed to 45 feet 9 indies . 
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Montreal and Kingston route, as the line is called, amoimted in 
1868 to 222^241 tona 

About that time the Ottawa and French Riyer naTigatloii 
Bcheme was engaging the attention of the Government and. from 
1858 to 1860, extensive surveys of the route were made by Memn 
Walter Shanly and T. C. Clarke. 

Their most ralnable reports, upon which is based the revived 
project of what is now called the Montreal, Ottawa and Georglar. 
Bay Ship Canal, concluded to the feasibility of the scheme and pnr 
Into strong light its numerous advantages, but. for reasons that ar** 
not to be detailed here, the project fell through. 

The traffic on the military canals was, however, making immefiM 
fftrides; so much so that it more than doubled in the nine years 
between 1858 and '867, this being in great part due to the rapid 
development of the lumbering operations along the Ottawa River. 

Something had, therefore, to be done to help the ever iacreasinf 
demand for transportation facilities, and consequently, in 1870, the 
Dominion Government caused surveys to be made for the enlarge- 
ment of the Ottawa canals. 

Construction work was commenced on the enlargement of the 
Orenvllle Canal In 1871. and on the Carillon Canal two years later, 
rhe latter was completed in 1888 and the former In 1887. The 
new locks, 200x46 feet, with 9 feet of water on the sills, can now 
admit vessels of 700 tons burden, and during the fiscal year 1898-94 
there was carried through them a quantity of merchandise amount- 
ing to 566,010 tons, 80 per cent, of which consisted of timber, lum- 
ber, firewood and logs. 

The above figures will give an idea of the importance of the Ot' 
tawa River route as a means of transportation for the country's 
products. We will now enter upon the true province of the pres- 
ent paper, viz: the construction of the works at Carillon. 

t 



II. 



As stated above, the Carillon Canal, as built by the Rojral Bn- 
glneere, had a summit level, with two combined ascending locks 
at the foot and a descending one at the head. The plans adopted 
after the survey made in 1870 by Mr. Andrew Bell, and which were 
practically Identical with those submitted by Mr. T. C. Clarke in 
1800, provided for the damming of the Ottawa and the building of 
a canal three-quarters of a mile in length, with two locks (the 
lower one only being a lift lock) overcoming the present total faS 
of from 16 to 17 feet, now accumulated at this point by the rolling 
dam thrown across the river. The only material difttorenee b*> 
Ihveen the two schem'e® is Im the location of the canal, which has 
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been ouilt on the north shore, while Mr. Clarke ha4 Intended it to 
he placed on the opposite side of the river. The dam was also de- 
mised so as to raise the reach above it to the extent of obliteraUng 
the fall at Chute-a,-Blondeau and thus superseding the lock at that 
^Int. 

By referring to Plate 11, Fig 4, it will be seen that the new canal 
was formed by means of a heavy embankment built upon the rlvvr 
bed about 100 feet from the shore line. This embankment consists 
of clay and rock protected on the river side by cribwork along 
the toe of the slope. This toe crib is in turn protected against 
the action of the water in the river by rip-rap stone. On the 
canal side the bank is lined with a heavy rubble masonry wall laid 
in cement mortar and rendered watertight by a puddle wall at the 
back, 3 feet thick. 

The lower entrance is protected by a pier 300 feet long and a 
similar pier, 800 feet in length, forms the upper entrance to the 
canal. This last entrance is extended some 600 feet further up by 
means of detached piers and booms. 

Prom the head of the upper lock, upon which it abuts, the sub- 
merged dam stretches across the river in the shape of a circular 
arc measuring about 1,740 feet in length, its continuity, at least 
in the superstructure, being interrupted, about 400 feet from tht 
south shore, by a timber slide, composed of three parallel piers 
each 615 feet in length. 

At the site chosen for the dam, the Ottawa flowed through three 
distinct channels, divided by reefs with shallow water upon them: 
the South or "Canoe" channel, 100 feet wide; the Centre or 
"Sickle" channel, 400 feet and the North channel, also about 100 
feet in width. 

The current at this point being very swift, some means had to 
be devised to create still water for laying the timber foundation 
of the dam, and, to this effect, the specification provided for the 
erection, immediately above the site of the permanent structure, 
of a skeleton bulkhead, also intended to support a bridge over 
which materials could be carried. This bulkhead, however, did 
cot prove practicable, and was replaced by a temporary or false 
dam built of rougto- cribwork. 

The foundation of the dam was brought to an elevation of 15 
feet above the level of the mitre sills of the lower lock, and was 
built, in the shallow parts of the river, of timber sills scribed and 
bolted to the rock bottom, and in the chajinels, of continuoius crib- 
work. On top of this foundation the superstructure was started 
and built up to 24 feet above datum, or of a height of 9 feet over 
the apron of the dam. It was at first intended to give the super- 
structure the shape shown in Fig. 6, Plate II. but for some reason, 
and, to the writer's mind not very wisely, this shape was altered 
to that shown on Fig. 6. By the change this superstructure waa 
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made much lighter than was contemplated, and a direct fall of the 
waters from the crest to the apron created, which submitted the 
whole structure to dangerous vibrations. The additional length 
thus given the apron, a favourable feature in itself, did not, in the 
writer's opinion, compensate for the strain developed by the im- 
pact of the enormous mass of water and ice that, in time of flood, 
is carried over the dam. 

A gauging of the river was made in 1872 by the Resident En- 
gineer of the works, Mr. Andrew Bell, and here are the figures 
found by him: 

At high water 123,080 cubic feet per second 

At low water 27,823 cubic feet per second 

In times of flood, or for a period of three or four weeks, the 
pheet of water running over the dam is from 12 to 14 feet In depth. 
At low water it is only a couple of feet 

Considerable difficulty was experienced in laying the foundation 
cribs and sills, oh account of the uneven condition of the river 
bed, and of the quantity of loose material (gravel and boulders) 
which was strewn over it. Another cause of delay was found in 
the shortness of the season of low water, not to mention the car- 
rying away of some of the cribwork during the spring floods every 
year. 

At the end of 1876, after three years work, the contractors had 
only succeeded in laying the foundatioois of the dam across the 
shallow parts of the river, or on a length of about 1.200 feet, and 
in partly building the slide piers. 

The timber slide described in the speciflcation was intended to 
be from 110 to 150 feet wide, with side piers extending 550 feet be- 
low and 65 feet above the dam. Operations on this portion of the 
works were commenced in 1874, the width of the slide being fixed 
at 120 feet. 

In November, 1877, both slide piers were nearly completed, all 
the earth and rock excavation for the dam was done, the founda- 
tion timbers were laid across the entire shallow parts of the river, 
except for a distance of 100 feet on the north side, but no more 
than five cribs, covering a length of 120 feet, had been sunk in the 
channels. 

At the canal the contractor's efforts had been somewhat more 
successful. On the above date the toe crib protecting the embank- 
ment was finished on a length of 3,166 feet, leaving some 300 feet 
still to be done; a large portion of the embankment was also com- 
pleted, the bottom of the upper lock was laid and the masonry 
commenced; the prism of the canal between the locks was nearly 
finished, but the lower lock had not yet been touched. 

The contractors, Messrs. R. P. Cooke & Co., who had all alonff 
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laboured under great difficulty, had givea up their contract at the 
beginning of the year, and a general survey of the works already 
done had to be made for re-letting. 

New contracts were awarded in June, 1879, one to the original 
contractors, Messrs. Cooke & Co. for the completion of the canal 
and locks, and the other to Messrs. F. B. McNamee & Co. for the 
dam and slide. 

Mr. Andrew Bell had hitherto been in charge of the whole work, 
but, from the date of the new contracts, he only .supervised the 
construction of the canal and locks, while Mr. H. Merrill was given 
charge of the dam and slide works. 

The latter gentleman was given a pretty free hand, and very ma- 
terially altered the original plans of the dam and slide. The shape 
of the superstructure was changed, as stated above, to a triangular 
one, the apex being lined with heavy boiler plate one-half inch 
thick to prevent its being worn away by the friction of the water, 
and the cribwork foundation in the channels, instead of being built 
continuous, was made of detached cribs in order to allow a freer 
passage to the water during construction. This was indeed carried 
BO far that passageways were cut through the sills already put 
in place and through some of the cribs sunk in the channels. The 
dam was thus made of detached pillars, generally about 7 feet 
wide and standing from 5 to 12 feet apart; the open spaces were 
to be closed by heavy timber gates at completion. A continuous 
foundation was, however, provided in the deeper parts of the chan- 
nels, but it was only brought uip to* a few feet above the bottom. 

While securing the end desired and greatly facilitating operations, 
this mode of building could not but have a very injurious effect 
upon the strength and stability of the structure, not merely through 
weakening the foundation, but also on account of the soft nature 
of the rock upon which this foundation rests. This rock is shaly 
limestone, in beds only a few inches thick and very easily eroded. It 
was therefore to be foreseen that, unless the openings in the crib- 
work were very tightly closed, the rock alongside of the narrow 
pillars would gradually be washed away and a collapse fatally 
ensue. 

It is not the Intention here to follow the progress of the work day 
by day. Suffice it to say that in November, 1881, the dam, the slide 
and the canal were so far advanced as to admit of the closing 
down of the trap gates over the sluices. In May of the following 
year the new canal was opened to the traffic and the old one fin- 
ally abandoned in August. 

During the progress of the work the intended width of the slide 
had been reduced from 120 to 28 feet by the insertion of a third 
pier between the two original ones, it having been ascertained that 
the wide slide could not be satisfactorily worked. 
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This slide consists of the piers Just mentioned, a timber breast 
wall, on the top of which stop-logs can be lowered from a build- 
ing erected above, and a floating apron hinged on to the breast 
wall and intended to prevent rafts going through at low water 
from touching bottom. In the original scheme this apron was 
to be much longer and built solid from the bottom with an easy 
slope downwards. 

While being closed down, some of the trap gates had been broken 
and carried away through the sluices. These openings were later 
on closed as well as possible by means of cribs, brush, stone and 
gravel, but not very effectively, as the sequel will show. This ad- 
ditional work occupied a few months more, and the dam seemed to 
be in perfect condition at the end of 1882. 

The cost of the works was as follows: 



Dam and slide |294,560 

Canal 659,960 

$954,520 
To which must be added damages awarded for 
flooding of farms above the dam, about 17,000 

Total, about 1971,520 

During the month of May, 1883, a crib was discovered floating 
down the river, and presenting the appearance of having been torn 
away from the dam foundation. The water being very high at 
the time, this could not be ascertained, but about the middle of 
June a large quantity of timber was seen rolling and plunging 
down the rapids below the dam, and a break became apparent in 
the surface line of the water above the crest. One or two of the 
foundation cribs had been carried away, as well as a large portion 
of the superstructure. The cause of the accident could be none 
other than the one pointed above. The rush of the water through 
some of the openings, left insufBciently closed, had rapidly under- 
mined the rock; one crib had gone, and two others had soon fol- 
lowed, carrying with them some 170 feet of the superstructure, as 
was ascertained later on. The force developed by the water rush- 
ing through the gap was such that the rock bottom was excavated 
to a depth of 30 feet in the deepest part, upon an area of an oval 
shape 90 feet wide and over 150 feet in length, the sides being cut 
almost perpendicular. (Plate III.) 

It was feared at flrst that the damage would not stop there and 
that the navigation of the canal would be impaired by the break, but 
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fortunately the level of the river above the dam did not seem to be 
materially affected. 

Now arose the question of the repairs to be done. Nothing could 
be attempted until the river had subsided, but preparations were 
commenced without delay. 

The first step to take was to enclose the break so as to create 
still water at the gap. This could only be effected by means of a 
row of cribs, sunk as close to each other as possible, above and 
parallel to the dam, and two wings built in the same manner. The 
building of this false dam was an undertaking of no small dif- 
ficulty on account of the tremendous current to be contended with. 
A crib was first sunk 1,000 feet above the break, in comparatively 
still water, and from this a few others were launched by means of 
winches and steel cables. 

The latter cribs were then used to launch, in the same manner, , 
the cribs forming the enclosure as shown on Plate III. After long 
and persistent efforts, the gap was finally closed, and the small 
spaces unavoidably left between the various cribs filled with tim- 
ber and plank. Soundings were then taken all over the place and 
the extent of the damage ascertained as given above, viz: 90 feet 
of the foundation had been carried away and the superstructure 
either destroyed or so damaged as to necessitate its complete re- 
building on a lencrth of nearly 200 feet 

The deep hole excavated by the rush of the waters through the 
breach was first solidly filled with heavy crib^^ork extending from 
18 to 25 feet below and about 20 feet above the dam, and a row of 
cribs 18 feet wide and 130 feet long were sunk close to the struc- 
ture, both on the upstream and downstream sides. 

The portions of the hole not occupied by this cribwork were filled 
up with boulders. The superstructure was then rebuilt and the 
apron widened and given a slight slope instead of being made hori- 
zontal as before. 

Other portions of the dam were also examined at the same time 
and staunched by means of cribs and embankments formed of stone 
and gravel. The quantities of materials used, as well as the cost 
of both the temporary and permanent works, are given in the fol- 
lowing statement: 
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CARILLON DAM. 

Statsmsnt of the cost per cubic yard, of the Timber Work, 
Etc., Used In Repairing the Break of Jun^i 1888. 

Cubic 
YardB. % c 

Cubic contents of temporary work 51^48 

Cost of temporary work U0,814.00 

Average cost per cubic yard of temporary 

work ni0,814 

1=|2.16 

51.243 

Cubic contents of permanent work 23,306 

Cost of permanent work 33,120.80 

ATerage ooat per cubic yard at pennanieat 

work 138,120.80 

t=n.42 



Total cubic contents of temporary and perma- 
nent work 74,549 

Total cost of temporary and permanent work 143,934.^0 

Average cost per cubic yard of temporary and 

permanent work |143,934.80 

1=|1.93 

74«549 

The repairing of the break was practically completed in October, 
1884, or in about fifteen months, and the strengthening and staunch- 
ing of other portions occupied another year. The amount expended 
on the latter work was $27,290, bringing the total cost of the re- 
pairs to 1171,224. 

The effect of this staunching was soon apparent, the level of the 
river rising over 12 inches at the foot of the Grenville Canal, a 
distance of 5% miles, and the current at Ghute-d.-Blondeau, which 
was still very strong after the completion of the works in 1883, be- 
ing reduced in such a measure that it is no longer an obstacle to 
the navigation of the river. 

When the work was discontinued in 1886 it was known that some 
portions of the dam were not as strong and safe as they could be. 
although offering no immediate danger of collapse. 

Four years later, in January, 1891, during a visit of inspection at 
Carillon, the writer's attention was attracted to the peculiar aspect 
of the water over the crest of the dam a short distance north of the 
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tfekle. A, Twy maiiflEed broak was iiiotioeal)l« at tbnt poin^ and thia 
waa oonaidered so serious that aj;»plicatioii was at once made for 
authority and funds to do the necessary repairs at the next low 
water. 

Preparations were made during the summer, and the first coffer 
dam crib laid in October, 1891. The crest of the dam at that date 
was under some two feet of water, which had to be diverted. 

The first portion of the dam that was unwatered was about 125 feet 
north of the sli^e, and it was then ascertained that the repairs had 
not beea undertaken an hour too soon, for, as the various coffer 
dam cribs came to be loaded, the whole section was observed to sink 
down under their weight to a very appreciable extent, showing with- 
out a possible doubt, that that part of the structure was afloat and 
only kept in place by the resistance of the adjoining solid portions, 
which acted as abutments, the dam, as stated, being arc-shaped. 
Most of the anchor bolts driven through the apron into the rock 
bottom were found to have been drawn out, presumably by the 
vibrations to which the dam was submitted; some were sticking 
out almost straight above the apron covering, others had been 
curved down by the impact of ice or logs going over the dam* dur- 
ing the spring floods. 

The tamarack covering of the apron was flrst removed and the 
cribs underneath were found almost empty. Soundings taken im- 
mediately below revealed the fact that the rock there had been 
considerably scoured out. As to the covering itself, it showed a 
groove some two or three inches In depth, parallel with the crest 
of the dam, and caused by the action of water falling over it. The 
remedy to this state of affairs was evident. The empty cribs and 
spaces left open by the carrying away of the trap gates had to be 
refilled, and, to render this possible, a row of cribwork was built 
close to the down stream side of the apron, so as to keep the fill- 
ing In place. The apron was in that way lengthened up to 25 feet 
In shallow places and to 50 or 55 feet in the channels. More* 
over, in order to increase the weight and stability of the structure 
and to prevent the dangerous vibrations caused by the impact of 
water falling over the apron, the shape of the dam was changed, by 
raising the apron and giving it a slope as shown on Plate I. Fig. 7. 

A heavy covering of rock elm, hewn or sawn on three sides, at 
least 10 £ncheB thick, was laid, the roimdi eiide up, over th© crib 
forming the apron, these cribs having previously been very care- 
fully filled with boulders, of which there Is an abundance In the 
neighbouring fields. Particular precautions were taken in laying 
this covering, each stick being bolted with 1-lnch square bolts, first 
to the framework of the cribs and again transversely with the stick 
alongside of it, so as to form one solid platform, no portion of 
which can be removed without tearing up a large area of the whole. 
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The repairs were carried on from October, 1891. to the end ot 
March, 1894, with Interruptions in the fall and at the breaking of 
the ice in the spring, the work being done In secUons of from 120 
to 220 feet in length. 

After the main body of the dam had been made safe in the man- 
ner described, attention was directed to the section between the 
slide and the south shore. Here it was discovered that the pressure 
against the southernmost slide pier had been such as to throw It out 
of alignment, so much so that it was in danger of collapsing. When 
reducing the width of the slide by building a third pier between 
the two first ones erected, it had been thought that the weight of 
the southernmost pier would be sufficient to hold the dam in place 
and the breast wall of the slide was not carried across the space 
between the two southern slide piers. The result of this mis- 
calculation was as stated above. It now became necessary to fill 
the gap thus left, and a strong cross pier was built in the position 
shown on Plate IV, the space between it and the stop logs whidh 
formerly closed the opening, being filled with boulders. The 
outer south pier had then to be torn down and rebuilt from the 
top to the level of the water for a length of 250 feet or so. 

During the winter of 1893 soundings were taken above the dam, 
and wherever the bottom or the embankment was found to be more 
than 2 feet below the lower edge of the superstructure, boulders 
were dumped until the holes were filled up. 

A curious experience may be related here. Large quantities of 
frazil drifted down and accumulated against the up-stream side of 
the dam at places where the overflow was stopped by the ooffer 
dams. At one point a trench some 4 feet wide was sawn through 
the ice covering and boulders dumped on top of the blocks thus 
detached, but although piled up 5 or 6 feet in height, several days 
passed before they sunk out of view. All this time an iron bar 
could easily be driven through the spongy mass below, the depth 
of which was from 10 to 12 feet. 

The total cost of the Carillon Works at the present day is w 
follows: 

From 1873 to 1882 |971,520 

Repairs, 1883 to 1885 17li226 

Repairs, 1891 to 1894 Bl^gOO 



»U97.045 
III. 



A mere description of engineering works, although interesting In 
Itself, would remain very Incomplete If it did not go a step fur- 
ther. What is of greater Interest is an account of the difficulties 
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ancountered in their executioa and of the methods adopted in over- 
coming these difficulties. Every one of us knows how to build 
cribwork or masonry under ordinary conditions; but every one of 
us wants to learn by what means, conditions being out of the ordin- 
ary, cribwork or masonry can be built at the minimum cost and 
with the least trouble. 

To give the members of the Society the benefit of one's experi- 
ence in that direction, the writer believes, should be the ultimate 
object of all papers published in our transactions. It is, there- 
fore, proposed here to briefly describe the plant used in the repairs 
executed at the Carillon Dam between 1891 and 1894, of which the 
writer had immediate charge, and show by what methods the large 
quantity of materials employed was handled. 

The Ottawa River, above the dam, flows with a velocity of from 
6 to 10 miles an hour, according to distance, and the handling of 
timber and other materials there was of Itself a difficult operation, 
especially as It had to be done Immediately above a vertical fall o^ 
15 feet, followed by half a mile of raging rapids. 

The crest of the dam, as previously stated, Is Immersed a couple 
ol feet at the lowest stage of the river, and a body of water 12 to 
14 feet In thickness rolls over It In times of flood. It Is needless 
to say thait no work oould be done durioug the periods of high 
water, and operations had to be stopped at the beginning of each 
spring, to be resumed about June, and suspended again In Novem- 
ber until the Ice formed. 

The unwatering of the dam, or at least of Its portion below the 
crest, was the first problem to solve. This was done In sections 
of from 125 to 220 feet, commencing at the north side of the slide. 
The north slide pier and the guide piers above it. with the booms 
stretched between theni formed a base of operations, and greatly 
facilitated the work on the first section. The object in view, be- 
sides, the unwatering of the dam. was the creating above it of a 
still water basin, or at least of an enclosed pool where timber and 
scows loaded with stone could be brought without being in danger 
of being carried away by the current. .One side of the closed pool 
was constituted by the slide piers and booms, as stated above; simi- 
lar booms, anchored to piers built for the purpose, were stretchf^d 
on the opposite or north side of this section, and the front of It 
consiPted of the coffer dam proper, which will now be described 
(See Plate IV.) 

The Fuperstructure of the dam was used as a part of this coffer 
dam. It was then in the shape of a right-angled triangle th,^ 
hypothenu.ce of which rested on top of the foundation cribs, and 

nn^ Z^^Tu'i^ ""^ ^^' "'^^^ ^"^^" ^^^^°^ ^^^ ^"^^«°t. It being im. 
possible to build the coffer dam in place, cribs, the bottom of whirl. 
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was shaped to conform with the pitch of the up-stream side' of the 
superstructure, were framed and put together on shore. Platforms 
were provided at each corner of them near the top, and, as each 
crib was launched and brought to deep water, stone was laid by 
hand on those platforms, so as to merely balance it without sinking 
it too much. A steam tug then towed It as close to the dam as the 
current would safely permit, and by means of hawsers, paid out 
from winches on the tug, and on piers previously sunk in con- 
venient positions, it was lowered very slowly and carefully till its 
bottom rested on the up-stream side of the dam. While it was 
(held in this position by its weight and by the ropes, men approached 
it in a rowboat and corrected its position so as to bring its down- 
stream face directly over the crest; it was then loaded with stone 
and the top platforms removed. The same operations were re- 
peated until as many of them were placed as were required to cover 
the whole section to be unwatered. However, in order to reduce 
the expenditure, these cribs were laid from 20 to 30 feet apart and 
the space between them closed by stop logs. When in position the 
cribs were far from being watertight, but their down-stream face 
was framed so as to permit of the insertion of close sheet piling, as 
shown on Plate IV, Fig. 2. Leaks were then caulked and the apron 
was effectually unwatered to within a few feet of both ends of the 
section. Whole bands of timber were floated down against the 
coffer dam and transferred to the apron below by means of a sluice 
cut into the stop logs. The cribs for the lengthening of the apron 
were built In place, that is, close to the down-stream side of the 
old apron, firmly anchored to the rock bottom and filled with boul- 
ders. This having been done, the covering of the old apron was 
removed and put aside to be used over again. The old apron cribs, 
which were more or less empty, and the open spaces left in the 
foundation of the dam were then carefully filled with boulders and 
a continuous superstructure built on top of the old and new apron 
cribs, binding them together, and sloping down stream so that when 
the covering was laid its lower end stood about 4 feet above the 
level of the old apron, its upper end butting against the original 
down-stream face of the superstructure, about 12 inches below the 
crest. (See Plate IV.) When the first section had thus been com- 
pleted, the outer coffer dam crib was left in place and the other 
ones brought round and used on the following section in the same 
manner. 

The above gives a fair idea of summer operations. About the 
end of November work had to be suspended and preparations com- 
menced for the winter, and. as soon as the ice bridge was formed, 
work was resumed and carried on until the end of March or the 
beginning of April, when all the stop logs were removed and the 
coffer dam cribs overloaded, so as to resist the tremendous pressure 
of water and ice during the spring freshet. 
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About the end of December the cotter dam was backed up by a 
sheet of ice which gradually extended up-stream and gained in to 
wards the shores, only leaving open water for a short distance above 
the portions of the dam which were not being worked upon. How- 
ever, during the mild winteir of 1891-92, the middle of January was 
reached before the bridge had formed from the north shore, and It 
then became apparent that, unless some means of helping the ice 
to take were found, the whole season would be lost. The open chan- 
nel, which was about 300 feet wide, was running full of frazil and 
anchor ice, and the problem was to stop these at one point at least 

At the outer edge of the channel there stood out of the water a pier 
which had been used the previous summer to launch cofCer dam cribs. 
Between this pier and the shore ice strong meCnilla ropes, 3 inches 
in diameter, were stretched by means of winches and brought to 
within a few inches below the water surface at the centre; small 
cedar trees were tied to the ropes and allowed to drag in the water. 
Soon some of the floating ice was arrested, but the process being 
very slow, men were sent up to Carillon or Dewar's Island, a short 
distance up-stream, and sawed out large pieces of shore ice, which 
were floated down towards the barrier. Finally, after seven or 
eight days, a nucleus was formed around which the water consoli- 
dated in one night, closing the channel. As fioon as this ice ^as 
strong enough to bear the weight of a man, brush was laid over 
it and abundantly sprinkled with water; a plank road was laid 
at the most dangerous places, ^d work resumed about the end of 
January. 

A rather unusual method was adopted for filling cribs in places 
where the apron was very wide. The top of the cotter dam stood 
about 15 feet above the level of the apron, and where it was pos- 
sible to do so, the stone was thrown from sleighs in winter and 
from scows in summer, down plank chutes, directly into the cribs. 
In two or three places the old apron wad from 25 to 30 feet in 
length, and chutes long enough to reach the new crib below this 
would have been Impracticable. However, in order to avoid a sec- 
ond handling, the chutes were used to carry the stone down near 
the lower end of the old apron, where a pile was formed, and the 
sluices in the stop logs were opened, when a powerful stream of 
water, under a head of about 12 feet, was directed by means of 
the same chutes, against the piles of stones which were thus thrown 
into the cribs. This stream of water performed the work of at least 
twenty men. 

As to the cost of the repairs, it may be stated that from October 
1891, to April 1894, some 23,000 cubic yards of permanent crlbwork 
were built at an actual outlay of $54,200, to which must be added the 
value of a large quantity of timber left over from the work done 
between 1883 and 1885, and wh^ph was used in the false works. Tak- 
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Ing everything into account, the average cost of the cribwork waa 
about $2 per cubic yard, which, the writer thinks, is a somewhat 
• remarkable result, considering the conditions under which it was 
attained. It must be said, however, that timber can be purchased 
at very low figures at Carillon, this point being on the way of rafte 
coming down to Montreal. The average cost of the timber used, 
comprising rock elm, tamarack, spruce and hemlock, did not ex- 
ceed 10 cents per cubic foot. Boulders, of which there is an abun 
dance in the vicinity, were delivered on scows in summer at 80 
cents, and in the cribs in winter at 40 cents per cubic yard. 

A point which it is thought deserves to be specially mentioned 
is the fact that in the thirty months of actual work, during which 
these repairs were c£irried on, and with a force of from 40 to 120 
men, not a life was lost and not a man was seriously Injured, not- 
withstanding the extremely dangerous conditions under which the 
work was performed. A greater compliment could not be paid to 
the person in immediate charge, Mr. D. Gaherty, an old experi- 
enced river and timber man, to whom a large part of the credit for 
the general results above given is due. 

Before concluding this rather lengthy paper, the writer would re- 
mind the members of the Society who take an Interest in the de- 
velopment of water power, of the existence, at Carillon, of an im- 
mense amount of energy which has been going to waste for over 
fifteen years. 

The power was there before, but It^was only on the completion of 
the dam, in 1883, that it was accumulated at one point. The dis- 
charge of the Ottawa River here, as measured by Mr. Andrew Bell, 
in 1872, Is 123,080 cubic feet per second at high water, and 27,823 
feet at low water. The minimum head under which it falls is 
about 12 feet, and 2 or 3 feet more could be gained at very reason- 
able cost. 

It may be stated that some capitalists seem to have lately valued 
the possibilities of this magnificent water power, and have secured 
from the Dominion Government a lease of more than half of it. 
It Is to hoped that they will lose no time In utilizing It. This Is 
an Ideal site for a pulp mill. It being in close proximity to an al- 
most Inexhaustible supply of pulp wood and possessing unsurpassed 
facilities for shipment, both by water and by rail. 
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ROAD CONSTRUCTION AND SYSTEM OF CONTROL. 
^ By A. W. Campbell, M.Can.Soc.C.B. 

The volume of literature respecting road construction and main- 
tenance has assumed very considerable diniensions, and is rapidly 
increasing. This branch of engineering cannot be said to present 
problems of very serious difficulty, and the underlying principles 
are well understood. They have been very largely applied in the 
construction of Canada's magnificent system of railways, which are, 
in effect, but the trunk highways provided with tracks of steel, and 
steam in place of animal traction. A study of the map of the 
early common roads in Ontario, prior to railway construction, will 
indicate the remarkable degree to which railways have followed 
the lines of the first main roads. 

The most famous roads the world has known were built 2,000 
years ago, by the Romans, many of which are still in use. So 
durably have they been built that, in Spain, and other European 
countries where they exist, they are believed by the peasantry to 
be of supernatural origin. They commonly range in width from 40 
to 120 feet. The method of construction was to first excavate to 
hardpan. This was filled with layers of sand, stone and concrete, 
up to the required elevation; and this was maintained in a direct 
line and with easy gradients, at an enormous expenditure of labor 
on cuts and fills. While the permanency of these roads may re- 
ceive our admiration, yet they can scarcely command respect, built 
as they are at such a prodigal waste of energy. 

What a road must be, to be a good road, should not be mlsunder- 
stood. A good road is one best answering, in a broad sense, the 
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requirements of economic fitness. Money spent on road construc- 
tion is an investment from vhlcli adeqiMUte returns are to be ex- 
pected- A road, the cost of whl<:h Is exceHBfcvoly great In propor- 
tion to the use made of it, however smooth, hard, easily traveled 
and durable, measured by the foregoing rule, may be far from be- 
ing a good road. On the other hand, a common dirt road may be 
a good road if It is made and maintained so as to properly meet 
the needs of traffic. In Canada, therefore, we do not need English. 
French, nor Roman roads, but we want Canadian roads, each mile 
adapted to local requirements and conditions. 

It Is impossible to make a fixed model for a road to meet ali 
conditions. There is a tendency on the part of many very good 
authorities on road-making to lay down hard and fast rules based 
on their own experience. This Is a very great mistake, for in no 
other branch of engineering, perhaps, is there so much opportunity 
for the exercise of individual Judgment. There are such infinite 
gradations In climate, In the character and extent of travel to be 
served, the nature of the soil over which the road is to pass, the 
opportunities and need for drainage, the quality of metal obtain- 
able, that there Is but one way to skillfully meet these conditions. 
It is to thoroughly understand what a road consists of, and the 
physic lal properties of the materials which are to be employed In 
reaching this end. 

A road consists of a strong foundation capable of supporting any 
load or weight which may pass over It. This foundation must 
have a surface covering which will resist the wear of the feet of 
horses and action of wheels, remaining smooth and hard; a cover* 
Ing which will also prevent water from passing readily through to 
the foundation. In the road, therefore, we have^a structure con- 
sisting of a foundation, floor and roof. 

The practice of the ancient Romans, In providing a foundation, 
was, as we have seen, to excavate to hardpan, the place* of the ex- 
cavated earth being taken by layers of hard material. But, a lit- 
tle more than a century ago, first in Switzerland and France, then 
in England, this plan was greatly changed, by the discovery thai 
the natural sub-soil could. In the great majority of cases, be made 
sufficiently strong to support traffic, by the simple expedient of 
keeping It dry. This is the fundamental principle of what Is gen- 
erally known as the "Macadam" road. 

The name is commonly applied to any road surfaced with broken 
stone, and In this respect is a very unfortunate misnomer. It is the 
neglect to provide a dry subsoil that Is the greatest cause of 
the unfortunate condition of roads throughout Canada to-day. 
The roads of to-day are, in effect, but a repetition of the English 
roads as they existed before the time of Macadam; they are the 
roads which the system of Macadam displaced. 
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A road bed in which sub-drainage is not sufficiently provided, is 
the antithesis of a Macadam road. The' importance of keeping the 
subsoil dry cannot be too thoroughly impressed. Clay in thick beds, 
when dry, will support from four to six tons per square foot of 
surface, according to the quality of the clay. If only moderately 
dry it will support only from two to four tons per square foot of 
surface. If the clay is wet and soft, it will yield to almost any 
load. Gravel, if well compacted, forms a much stronger roadbed, is 
less yielding to the action of moisture, and for this reason, even 
for a thin surface coating, strengthens the road somewhat. But 
the real strength of the road must lie In the subsoil. Vegetable 
moulds and alluvial soils are weak, having a sustaining power of 
only one-half to one ton per square foot, and for this reason it is 
well to remove such soils, securing, if possible, a gravel, clay or 
sand foundation. 

A dry subsoil becomes, too, of paramount necessity in a cold and 
humid climate, such as prevails throughout Canada for a consid- 
erable portion of the year. The injury done to roads by frost is 
caused entirely by the presence of water. Water expands on freez- 
ing, and the more there is under a road, and above the frost line, 
the greater is the injury. In freezing, the particles of soil in im- 
mediate contact with the water are first compacted. When room 
for expansion ceases within the body of the soil itself, owing to 
its saturated condition, the surface is upheaved. When thawing 
takes place, the subsoil will be found honeycombed, ready to settle 
and sink beneath traffic. It is, therefore, of the utmost importance 
that the soil should be relieved of all water of saturation as quickly 
as possible by underdrainage. The impassable condition of the 
roads during the spring, often axle-deep with mud, is to be at 
tributed very largely to a wet subsoil, which has been honeycombed 
in this manner. 

The making of a strong foundation thus resolves itself into a 
question of underdrainage, and the means whereby proper under- 
drainage is obtained must be adapted to the manner in which water 
finds its way under the road, and the oiature of the soil. A soil 
retains in its texture, by capillary attraction, a certain amount of 
water. In the case of a plastic clay, which will absorb nearly 
one-half its weight and bulk of water, the water retained in this 
way may be the cause of injury. In the case of gravelly, sandy, or 
other porous soil, it is necessary to remove only the water held by 
hydrostatic pressure in the foundation of the road. The effect of 
this is, that, with a clay subsoil, underdrains are nearly always 
beneficial in securing a strong foundation, and are necessary for 
traffic of even a moderate degree. With porous soils, on the other 
hand, the necessity and means of drainage will depend upon the 
height to which water rises In the foundation, and the direction 
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from which it comes. When a strong foundation is needed, these 
underdialns should be three or four feet below the surface of the 
subsoil. Their location with respect to the road should be varied 
with circumstances. 

The most effective type of drainage employea is a system in 
which there is a tile drain on each side of the roadway, under- 
neath the open gutters, with V-shaped drains at intervals, from 
the centre of the roadbed to the side drains. From this the scale 
descends to drains at the sides of the road only; then a 'drain at 
one side only, or in the centre of the road; then only an occasional 
drain at springy or damp points. 

It is of advantage to understand the manner in which the un- 
derdrains act in different cases. With porous soils, in which the 
water rises under hydrostatic pressure, the water enters the tile 
from below; just as water rising in a vessel finds an outlet in tht 
side or flows over the top, so the underdrains supply the necessary 
outlet for thifi excess moisture at a proper depth from the surface; 
it "lowers the water line." 

With clay the process is different. Absorbing and holding, as it 
does, like a sponge, a large quantity of water, drains are less ef- 
fective, but none the less necessary. The cracks and fissures which 
appear throughout the surface of a sun-baked clay soil during the 
summer drought afford a clue to the action of underdrains upon 
such a soil. As the clay yields up its moisture, it shrinks, is torn 
apart. These fissures, commencing at the drain, spread and branch 
in different directions, and each fissure thus becomes a new drain 
leading water to the tile. This process goes on, the fissures be- 
con^e filled with sand, vegetable and other porous matter, so that 
they assume a degree of permanency, and, in clay soils under- 
drainage is more effective after several years than at first 

The metal covering placed over the earth foundation should per- 
form two services. It should be waterproof, so as to prevent water 
from readily passing through and softening the subsoil; and it 
should form a smooth, unyielding and durable surface covering 
to facilitate traflftc and resist wear. The effectiveness of the stone 
covering as a water protection Is increased by crowning the road- 
way so as to throw the water to side drains or gutters, which, in 
turn, carry the water from the road. 

The varieties of stone which bind most readily, as a rule, will 
form the better protection from water. But, in order to be a good 
protection, the road surface must be smooth, without ruts or hol- 
lows, otherwise the flow of water to the gutters will be Impeded. 
The water will then rest In the wheel tracks or depressions, will 
percolate through the surface, and traffic will Immediately create 
Injury. The stone, therefore, which binds readily, may not be a 
good covering, unless it is tough enough to resist wear and main- 
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tain a smooth surface. While the name stands for much, it is not 
a guarantee, by any mieans, of .th>e useifulnieas of srtone for road 
purposes, since each variety may vary much, even in the same 
quarry. The French Department of Public Highways has adopted 
a scale from to 20, showing the quality of different kinds of 
stone. This list indicates: 

Trap varying from 16 to 20 

Quartzite " " 11 to 19 

Quartz •' " 10 to 18 

Limestone '* " 5 to 17 

Gneiss " '* ' 5 to 17 

Granite " " 3 to 16 

These rocks are among the most common in Canada and the 
list serves to show the wide degree to which their usefulness for 
roadmaking may vary. Limestone is most frequently criticized, 
but French practice shows that it may rank among the best; while 
granite, so frequently extolled, may be very poor indeed. Lime- 
stone, while it Is very apt to be soft, is one of the best binding 
stones, and for this reason a combination of moderate toughness 
with good binding qualities may result in an excellent stone for a 
Macadam road. Trap is universally regarded as very reliable, since 
it combines both toughness with fair cementing properties. The 
difficulty with granite, on the other hand, is that, while very hard, 
it wears into a coarse, sandy material, which refuses to bind. 

The "binding" of a road covering is a matter very frequently 
discussed. Some road engineers advocate the use of a foreign 
binding material mixed with the stone, such as sand, loam, or even 
clay. It is generally conceded by the best authorities, however, 
that the less foreign material incorporated with the stone the bet- 
ter. The best roads to-day are bonded by intermixing with the 
broken stone, the chips and dust created in crushing, and by thor- 
ough rolling. The dust of stone suitable for roadmaking will form 
a cement which will unite and re-unite after being broken, and 
added to this is the mechanical clasp which the stones assume 
after sufficient rolling. 

The use of sand as a binder, while it will lessen the amount of 
rolling required to produce a hard surface, tends strongly to Injure 
the durability of the roads. When these foreign binders are u»ed, 
the road is more easily permeated by water, and in wet weather, 
such as we have to guard against stringently in a Canadian cli- 
mate, the bond is less perfect, and the road is more readily rutted, 
the presence of sand having prevented as strong a mechanical 
interlocking of stones. 

The quantity of stone required to form the surface covering will 
vary with the strength of foundation obtainable and the nature 
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of the traffic to which the road will be subjected. If, because ot 
moisture or the nature of the soil, the foundation is lacking ia 
strength, or if the traffic is to be very heavy, the Telford system 
may be employed, whereby a layer of large stones is first placed 
by hand over the road, and this is then covered with broken stone. 
When a Telford foundation is laid, the principal matter to obserra 
is to place the stones on edge, either at a uniform height, or graded 
from the centre to the side, the highest at the centre. They should 
be given an even bearing, projecting tops should be chipped off, 
and spalls wedged into the interstices. If the stones are laid flat, 
they do not retain as firm a bearing, and are apt to rock, when un- 
even settlement will occur. 

The depth of broken stone to be placed over a Telford founda- 
tion need rarely exceed six inches in thickness, the foundation it- 
self having a thickness of eight or nine inches. Without the Tel- 
ford foundation, the thickness of stone may range from six to 
twelve inches, according to circumstances. Less than six inches 
has been used successfully, but in such cases the foundation must 
be of unusual strength, such as a very gravelly soil would produce. 
When there is reason for the depth of the stone reaching or ex 
ceeding twelve inches, it generally indicates the necessity for a Tel- 
ford foundation. 

The broken pton*^ should be placed on the road in layers of from 
2 to 4 inches in thickness, according to the size of the stone, and each 
layer thoroughly rolled before the next is placed above it The 
stone, too, should be first graded according to size, and the coarser 
placed in the bottom. When fine and large stones are Intermixed, 
tno surface will wear lesp uniformly, the smaller stones wearing 
more rapidly than the larger; and large stones, too, obtain a les^ 
firm bearing and are apt to work loose ; so that, unless the finer 
stones are placed on top, the surface is apt to become rough, par- 
ticularly in dry weather. 

The preliminary earthwork, in providing for the reception of 
the broken stone, will vary greatly in extent. A cheap form of 
country road can be built by first crowning the earth subsoil by 
the use of a grading machine; then reversing the process, and, in- 
stead of bringing the earth in, cutting off the crown, turning it 
outward to form shoulders for confining the narrow bed of metal. 
From this method, the extent of earthwork will increase untU the 
widest and most elaborate form of Macadam road is reached, neces- 
sitating the removal of much earth to receive the stone. 

The location of roads is a matter with which, unfortunately, the 
Canadian engineer has not much to do. They follow, as a rule, 
the lines of original survey, and any effort to better their location 
Is apt to be met with much opposition, interfering. a& it wonld. 
with boundaries of private lands. The location and grade are mat- 
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ters which should be considered together, and should be the result 
of a skillful compromise. They are not matters of at all so much 
importance with common roads as with railway conrtruction, but 
should not be neglected. The better the road, and the larger the 
loads which are to be hauled over it, the more important grade 
and location become. 

The grade for ordinary roads may follow the general surface of 
the country. So far from being a benefit, a long and constant 
grade is more fatiguing for horses than is a gently rolling surface. 
The highest permissible grade on a Macadam road is 10.5 per cent; 
an effort is generally made to prevent it exceeding 7 per cent.; 
while 3 per cent, is not objectionable. There should be at least 
sufficient fall to provide proper drainage. 

The height of crown may vary with the quality of the road. An 
ordinary gravel road, when finished, may .have a slope of one inch 
to the foot from centre to side. But a properly built broken stone 
road, when finished, should have a slope of about two inches to 
the yard, which, after a little wear and settlement, will be reduced 
to about half that amount of crown, or one inch to the yard. On 
hills the crown should be sufficient to prevent the water flowing 
down the road in the wheel tracks, which, if permitted, will 
quickly deepen them to ruts. 

The use of machinery in road making is taking a prominent 
place, as in other branches of construction. Wheeled scrapers, 
road graders, rock crushers with screen attachment, steam and 
horse rollers are the more common. The grader is most useful on 
country roads of cheap construction, such as must serve a great 
proportion of Canada for a long time to come. The crusher is of 
less universal value, but is gaining popularity wherever there is 
rock to be broken or coarse gravel or boulders to be treated. 

A heavy roller is becoming more and more regarded as indispens- 
able in building a Macadam road, and the best results cannot be 
obtained .without one. Unless a roller is used, the stone must be 
spread loosely on the road, and left for traffic to consolidate. This 
is a slow process, causing much inconvenience to ti'avel, and dur- 
ing which the earth and stone become intermixed. Earth mixed 
with stone, as previously pointed out, prevents the strong me- 
chanical bond which clean metal will assume when the stones are 
wedged one against another. The particles composing this earth. 
In weit weather, too, move more readily around one another, the 
road surface is softened, and is more readily broken up. By the 
use of a roller, the earth subsoil should first be thoroughly com- 
pacted. Each layer of stone placed upon it should also be well 
consolidated. In this way a smooth, durable, waterproof coating 
can be laid over a firm foundation. 
There are different kinds and classes of rollers. The horse roller. 
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weighing six or eight tons, will do fairly well if a rteam roller can- 
not be afforded, but the horse roller is not sufllciently heavy, and 
has to be used much longer on a given section than a steam roller 
to produce the best results. The feet of horses. In exerting sufficient 
strength to move the roller, sink into and disturb the road metal, 
and thereby injure the shape and quality of the roadway. 

There is danger, on the other hand, of having a steam roller 
which is too heavy. A very heavy roller will sometimes sink Into 
light or loose soil, force It ahead, and create a mound over whicli 
It cannot pass; this, however, may sometimes be overcome by 
spreading over the surface of the soil being rolled a thin coating 
of gravel. The same result will sometimes occur with an exces- 
sively heavy roller on a layer of loose stone. The heavy roller is 
more liable, too. to injure underground pipes, catch basins, cul- 
verts, bridges, or disturb sidewalks. 

For these reasons a roller exceeding ten or twelve tons in weight 
in some localities, where the soil is of a loose or sandy nature, is 
frequently not desirable. In districts where the natural soil is 
gravelly or of stiff clay, a heavier roller may be operated success 
fully, but some municipalities have found it necessary to use a 
light horse roller in consolidating the subsoil and first layers of 
stone. Nor, if the stone used in the construction of Macadam roads 
Is of a soft nature, is a heavy roller, say of twenty tons, desirable 
even in the finishing courses, as the crushing effect has been found 
in some cases to crumble and pulverize the stone rather than mere- 
ly consolidate It. For new work. In which the dirt foundation 
must be rolled, a weight of twelve tons is generally the most 
serviceable; but for picking up an old roadway and reconsolldatlng 
it or for finishing a new work, fifteen tons is better. Where a mu- 
nicipality is to own only one roller it will be advisable to consider 
very carefully the work to be done before purchasing a roller of 
over twelve tons weight. 

By proper attention and repairs the life of a broken atone pave- 
ment can be made continuous. The surface can be frequently 
rolled, Improving It greatly. It can be scraped and swept, as are 
other pavements. When it begins to lose shape, the surface can 
be loosened up by means of teeth attached to the roller, a liglit 
coating of new metal applied, and then rolled down as well as when 
new. It is by such means as these that broken stone roadways 
can be made more economical and satisfactory than any other for 
roads and streets generally. This ease of renewal and repairs is 
a property peculiar to Macadam, which renders It most suitable 
for general purposes. It forms a permanent basis, and its per- 
petuation Is merely a matter of repairs. 

That the country roads throughout Canada are In an unfortunate 
condition Is now very generally recognized. This, a careful study 
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will disclose, is not wholly due to the fact that the expendltura 
upon them is small. It is rather due, in many aistrlcts at least, 
to the fact that the expenditure now made is mismanaged and mis- 
applied, owing to the lack of method, and an ignorance of the 
principles of roadmaking on the part of those in charge of the 
expenditure. 

In Ontario, money and statute labor to a combined value of $4,- 
000,000 are annually placed on the roads and streets throughout 
the Province. This is obviously a very considerable amount of 
energy; it indicates the importance of the highway as a public work, 
and demands a proper system of direction. That such a proper 
system has been utterly wanting requires no assertion other than 
the proof given by the roads themselves. Not too soon can the pre- 
vailing opinion be cleared away that any and every farmer is a# 
competent road engineer. There is imperative need of an early in- 
troduction of business and scientific principles in the management 
of Canadian roads. 

The public may, no doubt, readily see that for every elaborate 
road system the services of an engineer ara necessary; but they 
have yet to learn that, wherever the possible expenditure is small, 
there is all the more need for conserving to the utmost the energy 
available, and that for this reason skill and experience should be 
employed by every municipality. 

In contradistinction to the present statute labor system under 
which the roads of Canada are, for the major part, constructed, and 
maintained, it is essential that there shall be a very radical change, 
and thai responsibility and control shall be centralized fend de- 
fined. This should rest, primarily, with the Provincial Governments, 
and a subdivision subsequently made between county and town- 
ships, the former controlling the main roads within its area. This 
control and subdivision of power can only be exercised by each 
party thereto bearing a share in the cost. The principle of state 
aid is one whlch» for this, as for other reasons, Is essential, creating 
a means whereby the people of the cities and towns may assist in 
the work of country road building. 

The principle that all citizens shall contribute to the cost oC 
roads is already being carried Into elject on this continent, and ex- 
ists in all European countries. There does not appear to be any 
reason why the farmer and rural population should pay the entire 
cost of road building any more than they should meet the entire 
cost of railway and canal construction. A system of good country 
roads Is an expensive public work, In every way necessary for the 
development of the country, and, so long as the farmer bears the 
entire burden, it is manifest that the desired end, good roads, will 
be difficult, if not impossible, to reach. In any event, the attempt 
to do so comprises an Injustice. 
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The towns are asking for good country roads. They are begin- 
ning to realize how important for them it is to have free and un- 
interrupted communication with the surrounding country districts 
at all seasons of the year, and would no doubt be willing to pay a 
fair proportion of the cost, in order that road improvement would 
progress more rapidly. This very Interest which is being displayed 
is the strongest evidence as to the mutual right of townsman and 
farmer to pay for the construction of a country road system. 

In Massachusetts, on petition of a county, the Road Commission 
may, with the assent of the Legislature, adopt any road within a 
county as a state highway. Except that the grading and bridgin? 
are done by the county, the work thereafter, both the construction 
and maintenance, is under the authority of the State Commlsslon. 
A.1S0 on petition of two or more cities and towns, a road between 
them may be made a state highway. The State Commission is 
composed of three Commissioners, who compile statistics, make in- 
vestigations, advise regarding road matters. One-fourth of the cost 
of construction Is paid by the county, the remaining three-fourth? 
being paid by the state. In 1894 the state spent $300,000 In this 
way; In 1895, $400,000, and In 1896; $600,000. It is intended that 
ultimately about one-tenth of the entire road mileage will be built 
as state highways. 

In Michigan, upon a majority vote of the ratepayers In any 
county, a county system may be adopted. A board of commission- 
ers, five In number, are elected by the people, to lay out and con- 
struct certain of the leading roads, to be paid for and thereafter 
maintained by a county rate. 

Last year (1898) an act was passed by the New York State Legis- 
lature, providing that, on the petition of a county council, certain 
roads may be adopted as state roads. The petition Is first presen- 
ted to the State Engineer. If he approves of the section of road 
thus sought to be improved, he prepares plans, specifications and 
estimates. These are presented to the Legislature, and, if approved 
by that body, fifty per cent, of the cost of construction is paid by 
the State. 

The New Jersey highway law provides that, on the petition of 
the owners of two-thirds of the land bordering on any road, the 
State Commissioner of Public Roads will cause the road to be Im- 
proved in accordance with plans and specifications prepared by 
him, subject to the approval of the Legislature. The owners of the 
land affected by the Improvements pay one-tenth of the cost, the 
county pays six-tenths, and the State three-tenths. 

Connecticut has Introduced a plan of highway improvement pro- 
viding for the appointment of three State Commissioners. When 
a township votes in favor of constructing a road, under the pro- 
visions of the State Highway Act, specifications are prepared and 
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submitted to the State Commissioners. If the Commission approves, 
the township council lets contracts for the work, to be performed 
under the supervision of the State Commissrionerrs. One^hird ot 
the cost is paid oy the state, one-third by the county, and one- 
third by the township. The expenditure by the state in this way 
is limited to |75,000 annually. 

The State of Rhode Island has appointed a Commissioner of High- 
ways. When a council represents to the Commissioner the need 
for improving a certain road, an examination is made by him. If 
he considers the work necessary, he prepares plans, specifications 
and estimates, and reports to the -municipalities affected; also to 
the State Legislature, as to the proportion in which the expense 
ihould be, met by the state and the municipalities benefited. If the 
tate Legislature approves, the work is performed by contract. - 

Vermont and California also contribute largely in the form of 
state aid, while Indiana, Kentucky and others contribute to a less 
degree. In all these systems, safeguards are placed to prevent 
the expenditure exceeding for any state or locality, certain reason- 
able limits, according to the requirements and ability to meet the 
payments. In most of the states the tax is so levied that the towns 
and cities pay the greater portion of the cost of state road con- 
struction; for example, in the State of New York it is estimated 
that the people outside the towns and cities pay only 10 per cent, 
of the cost. 

In England the main roads are under the control of the County 
Council, and are managed by the county engineer. The mainten- 
ance of the roads of lesser importance rests with the district coun- 
cils. A central authority, the Local Government Board, Is en- 
trusted with a general superintendence for the benefit of the nation 
at large. For a number of years a grant was made from the Im- 
perial Exchequer towards main highways, but since the roads have 
passed the stage of a first thorough construction, this has 
been discontinued, it having been found that the counties since that 
time have been fully able to meet the necessary expense. 

French roads are national, departmental and communal; corre- 
sponding largely to otate, county and towmshiip roads. The national 
roaas radiate from Paris, extending to all the important cities and 
departments, and are under a special engineering department 
(Department of Bridges and Roads), attached to the national gov- 
ernment. The second and third classes, departmental and pro- 
vincial road«, are, in a general way, under local authorities, but 
diepartmental roads are usually entrusted to the care of the Na- 
tional Corps of Engineers. 

Germany ha£( a magnificent system of turnpikes, Ibuilt and main- 
tained by the national government. They are under the general 
management of a state road commissioner, while he is assisted by 
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an extensive staff of road directors and inspectors. Other roads 
are known as "country roads/' and are built and maintained by Uia 
several parishes through which they pass. 

The highways of Austria are classified as state or imperial roads, 
provincial roadS} district roads, and community roads, according 
to the authority constructing and managing them. The cost o( 
building and maintaining the imperial roads is derived from tlie 
national funds, the cost of provincial roads from provinciil 
funds; district roads from district funds. The cost of commuu- 
ity roads is borne by the several communities interested, aided ia 
certain cases from the district funds. For the imperial and pro- 
vincial roads the best of engineering skill is employed, while, for 
immediate repairs, road keepers are at work constantly. 

Italian roads are under the supervision of the Minister of Pub- 
lic Works, and are national, provinci^, communal, or vicinal, ac- 
cording to the source from which taxes for construction and main- 
tenance are derived. 

The more important roads of Denmark are controlled by the 
county councils, but are subject to the annual inspection of a state 
engineer; the roads of lesser importance are governed by the par- 
ish or township councils. 

The main roads of Belgium, those routes running from one part 
of the kingdom to another, are controlled and managed by the state; 
another class, provincial roads, are controlled by the province; a 
third class, communal roads, are controlled by the communal au- 
thorities. The construction of these roads is entrusted to a corps 
of engineers. 

In the Netherlands, a network of roads, providing convenient 
travel from one part of the country to another, is maintained by 
the general government; other roads are at the expense of the var- 
ious provinces and communities benefited. 

The federal government of Switzerland controls a few of the 
important roads, but in the main they are built and maintalneJ by 
the cantonial government through whose territory they pass. The 
construction and repair of roads of lesser importance pertains to 
the several townships through which they pass. 

Spain, decayed and tottering, the vestiges of an ancient magnifi- 
cence falling from her, has not joined the good roads movement; 
nor has Turkey, the home of barbarism. Rufesia, too, has been ex- 
ceedingly backward in road building, and as a result her exten ive 
and rich dominions are still practically undeveloped. 

These instances of progressive road legislation indicate that the 
Provinces of Canada are very inadequately equipped with the 
means of building and maintaining roads In a manner suited to 
their Importance as a public work. Until the relation of the civil 
engineer to road control Is drawn much closer, there can be little 



Road Construction and System of ControL 129 

prospect of improvement. This can only be accomplished by in- 
augurating proper systems of control, in which the importance of 
roads is more fully recognized by government and citizen. Un- 
doubtedly popular feeling is approaching such an end in many parts 
of the Dominion. The Premier of Ontario has expressed the will- 
ingness of the Government to appropriate $1,000,000, under a sys- 
tem of state aid, but the details of the plan under which this ap- 
propriation will be made have not been completed. The general 
outline is expected to be a central advisory bureau, coupled with 
the county system, thereby providing for the improvement of main 
roads under competent engineering supervision. What may be ex- 
pected from other provinces in the future can only be inferred from 
the fact that in every one, from Nova Scotia of the East, to Brit- 
ish Columbia, of the West, there are prominent and public spirited 
citizens active in urging measures of road reform, a movement in 
which the civil engineers of the Dominion should be most capable 
of taking a part 



DISCUSSION. 



Mr, W. J. 
Sproule. 



Mr. W. A. 

Campbell. 



Mr. Sproule asked if any attempt had been made to Introduce 
legislation in any oif the provinces whereiby a re-location of the main 
concession roads throughout the country could be made? 

Mr Campbell in reply, said that no attempt had been made to 
introduce legislation in any of the proviaices whereby a re-locatioa 
of the main roads througfliout the country could be made. TIi« 
importance of this matter was clearly apparent in every oommunlty 
where the roads, as a general thdns* had followed the fixed lines 
of survey, regaj:^lee6 of the topography of the country. Many of 
thoee roads had been gravelled or macadamized, and were in good 
condition, except this one great defect, of steep grades and swampy 
ground, where a slight deviation would decrease ithe grade, and 
lessen the cost of maintenance. 



Thursday, 8th November. 
Dr. H. T. Bovey, President, in the Chair. 



Arrangements for the Annual Meeting were discussed. 
The discussion of Mr. Campbell's paper on "Road Construction and 
System of Control," occupied the evening. 



Thursday, 22nd Noyember. 

Db. H. T. Bovey, Preeident, in the Chair. 

Ueasn. E. A. Rh7s-Boqt>ert8i J. G. Kerry and F. H. White, haying 
been appointed BcratLtieera of the >halIot for the election of MemiberB» 
reported the following elected:— 

Membeb. 

R. BiCKEBDIKE, Jb. 

Associate Meiibebs. 

R. J. PABKE, J. K. SCAIOCELL, 

W. H. SHnxiNOTiAW, T. H. WiooiNS. 

Students. 
W. A. Duff, H. C. Gbout. 

Paper No. 154. 

THE MINERS' INCH AND THE DISCHARGE OP WATER 
THROUGH VARIOUS ORIFICES UNDER LOW HEADS. 

By Thos. Drummond. B.A. Sc, A.M. Can. Sog. C. E. . 

The water determinations here recorded were made in the Hy- 
draulic Laboratory, McGill University, Montreal. 

This laboratory is unusually well equipped. It 19 fully provided 
with the modern scientific apparatus necessary for experimental 
work in all branches of hydraulics. 

General Description, The laboratory le 39 feet long, 31 feet wide, 
and. contains the following: — An experimental tank and flume; a 
weir with adjustable widths; a number of large orifices; a battery 
of five meamiring tanks of large capacity; smaller measuring vessels 
of various capacities of from ten to one hundred gallons; standard 
gallon, quart and litre measures; a large experimental pump, weigh- 
ing 55,000 pounds, with interchangeable valves and other special 
apparatus for experimental work; a 16-inch Pelton wheel, with 
brake attachments; a turbine tester of special design; an experi- 
mental centrifugal pump; an hydraulic ram; apparatus for testing 
hose up to 800 pounds* pressure per square inch, in lengths of 50 
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feet; Venturl, Piston and Rotary Meters; hook gauges and chrono- 
graphs; Darcy's Improved Pitot tubes; metal plane tables, with ad- 
justable feet, for use with the movable measuring vessels; a fixed 
mercury column, 27 feet high, and several smaller movable columns; 
a eet of pipes for use in determining the resistance to flow due to 
bends, etc.; a set of carefully made nozzles, with pressure gauge 
attachments at each end; a set of hydrostatic gauges, with a wide 
range of pressure; apparatus for measuring the impact of water; 
apparatus for determining the coefficient of velocity, etc.; Jet measur- 
ing apparatus; a Rogers' linear comparator; ap^paratus for studying 
the inversion of the vein; a large series of standard orifices; 8i>ecial 
thermometers, scales, verniers and micrometei*s; glass tanks for 
illustrating ring motion, critical velocity and stream line phe- 
nomena; glass vessels for demonstrating circular and spiral vortex 
motion, etc., and various other appliances too numerous to mention. 
The pumps and shafting in the laboratory are driven by an elec- 
tric motor. The water is drawn from the city high level reservoir, 
and is under a pressure of 120 pounds per square int^h. 

Detailed Description of the Apparatus used. The experimental tank 
is of cast iron, and is 28 feet high and 5 feet square. Ail flanges 
ure on the outside, and the inside walls are perfectly flush. Tne 
/water is admitted into a chamber extending right across the bottom 
of the tank, which contains perforations through which the water 
flows to the bottom, and is there deflected upward, and passes 
through two baffle plates with perforated holes, the flrst being 12 
incnes and the second 18 inches above the bottom of the tank. To 
equalize the flow of water as much as possible, the pitch of the holes 
in the upper plate was determined by the projections on a hori- 
flsontal plane of equal distances on a sphere of 10 feet diameter, 
whose centre coincides with the centre of the orifice. 

The tank is provided with various Inlet and outlet pipes of differ- 
ent sizes, so that the admission and discharge of varying amounts 
of water are completely governed. 

The head of water is shown by a glass gauge 1% inches diameter, 
with a graduated brass scale, both of which extend from top to 
bottom of tank, the zero on the scale bein^ the centre of the orifice 
A sliding carrier with a horizontal wire moves up and down, and 
any required head is obtained by bringing the required scale division, 
the bottom of the meniscus of the water in the tube, the horizontal 
wire and its reflection in a mirror behind into the same horizontal 
plane. 

A second indicator consists of a float attached to a silk fishing 
line, passing over a pulley on the top of the tank, and then verti- 
cally downward in front. It has a plumbob at the lower end to 
keep it taut, and an adjustable pointer and stationary graduated 
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scale. The inflo<w and outflow are firet rouc^ly iregulated and tbe 
final adjustment is then made by means of ermall pipes and yalTett. 
In this way the operator has the water fully under control and 
obsenration, and a constant head can be maintained for any required 
time when the water has on-ce steadied down to a regular flow. 

The orifices, when used in the tank, are centred in a circular rlnj, 
which fitff into a specially designed circular valve, with gun metal 
bearing surfaces, forming a water-tight joint, and the centre of 
the orifice always coincides with the zero of the scale. The valve 
is provided with a screw adjustment for fixing the verticality of 
the sides of the orifice, and a handle by which the orifice can be 
opened or shut. By means of a special artifice the orifice can be 
changed without lowering the head. 

The base of the experimental tank is on a level with the bottom 
of, and discharges into, an iron flume 35 feet long, 5 feet wide, and 6 
feet deep. It has a clear depth below the bottom of the orifice of 3^ 
feet. It is provided with movable baffle boards to steady the flow 
of water, and hook gauges, reading to the thousandth of an inch, 
for measuring the head. At the lower end it discharges over a weir 
or through an orifice, and either runs to waste or into a battery of 
five iron measuring tanks, each holding 1.100 gallons, the united 
measuring capacity being 882.5 cubic feet. These tanks are carefully 
calibrated, and can be used either together, separately, or in any 
icombination. The flume is provided with a waste gate. When 
open the water runs to waste, and when closed into the measuring 
tanks. The gate is electrically connected with a chronograph, 
which can be read to the 1-100 of a second, so that the beginning 
and end of an observation is automatically recorded. A good stop 
watch was used to check the chronograph time. 

When orifices are used in the side of the experimental tank the 
water discharges through a switch, either to waste or into a care- 
fully calibrated 100 gallon cylindrical measuring tank, which 
rests on a plane table. This switch is also electrically connected 
with the chronograph, and is used as above. 

The wooden oriflce used in these experiments was adjustable, and 
It was arranged as follows:— 
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A is a wooden frame 2 incheff thick, planed and painted, and mad« 
(the full width of the flume into which it fits; a is a illding gate» 
which slips down between two side pieces, e, the lower surface, 
being varnished and square edged. This rests on dimension blocks 
c and c, placed at the proper width to make the required orifice b. 
It is then clamped into place, the lower surface of the orifice being 
Also square edged and varnished. The voids d and d are then filled 
in with wooden blocks, and the cracks tallowed and made watertight. 
The blocks c and c as used at first were made of hardwood, and were 
Bet end on, but thes^ere subsequently replaced by brass blocks, 
as it was found that tne~"WDod- ^slacks swelled slightly in the water. 
The orifice was then carefully measured with Brown & Sharpe'f 
vernier micrometers and also with scales and calipers. The width 
l^ing taken at the top and bottom, and the height at from 3 to 11 
points depending on the width, the means of these gave the height 
and width of the orifice, which had been carefully levelled. This 
was done for each set of observations ani head, and for every 
change of orifice. 

The word gallon as used in this paper means Imperial gallon. 

All heads are measured from centre of the orifice. 

The value of g (=32.176) used was determined for Montreal by 
Commandant Desforges in 1893. 

The observations were taken in sets of from 2 to 5, depending 
upon the agreement and the time available. 

The formula Q== j cb V2g H^ 2_h ^^^was used throughout. 
Qb=The discharge In cubic feet per second. 
C|=CoefflcIent of discharge. 
bb=Breadth of orifice. '\ 

H,=Head from bottom of orifice, v. All in feet. 
H2:=Head from top of orifice. \ 

The discharges here recorded were made under low heaas of 
from 6 to 12 inches, and with two kinds of orifices, vis.: 

(1) Standard sharp-edged rectangular orifices in brass from 1 to 4 
square inches in area. 

(2) Square-edged rectangular orifices in wood, 2 Inches thick, 
2 to 4 inches in height, and % to 24 Inches in width. 
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The brass orifices were carefully measured at a temperature of W F. 

1x1 = 0.0982 X 0.9987 — 0.996802 square iochef 
i X 2 = 0.5008 X 1.9987 » 0.999947 ** 
1x2 = 1.99H8 X 1.000 »= 19983 " 

2x2= 1.99925 X 1.99924 « 8.99fl981 ** 
i X 4 » 0.5005 X 3.9983 = 2.00L149 
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Coefficients of discharge for various standard brass orifices of various 
sizes with vnnous heads. 
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The brass standard orifices were placed in the valve in the experi- 
mental tank, which ha9 adready been described, and in all th« 
experiments the water ran throug^h the switch into the 100 gallon 
tank, fitted with a glass gauge tube and a scale graduated to gallons. 

The tubes are of large size; they were always kept wet, and* the 
scales were graduated by reading the bottom of the meniscus under 
theee conditions of calibration. Capillary action is thus eliminated. 

The observed discharges from the brass orifices rarely differed by 
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more than 2-1000 of a cubic foot per minute, and they often agreed 
almost exactly. 

The correct size of the brass orifices, as measured at a temperature 
of 66 degrees F., is giy«n elsewhere in the paper. 

The discharges from the wooden orifices were observed at the 
lower end of the fiume, and measured in. the large tank. The agree- 
ment was not so close as was anticipated with the larger quantity 
of water. 

With the 12, 18 and 24 inch orifices, yertices were formed, and there 
was an appreciable velocity of approach. No correction? were ap- 
plied, as their effect would be very slight, and practically nil. 

With these same orifices there was a slight breaking up of the 
water, and the clearance was not as good as it might have been. 
From this cause the discharge for these orifices is probably slightly 
less than it should be. This was tested in the case of the 12 x 4 
inch orifice, and it gave a slightly increased discharge, amounting to 
about 3-1000 of a cubic foot per second. 

With two of the largest orifices there waff a pulsation in the water 
affecting the head. In such cases the mean head from a number of 
readings was adopted. 

Regarding the wooden orifices, it can be said that wood is not 
an absolutely stable material. The wood, however, was made prac- 
tically waterproof, and anv change that may have occurred from 
swelling was inappreciable in the interval of time necessary for one 
set of observations 

No attempt was made to get exact inch dimensions for the ori- 
fice; it was levelled, set, and measured as described above. 

Full contraction of the vein was maintained throughout, except in 
particular caoes referred to later on. 

G-reat care was taken to make and keep the edges square and 
eharp, and, this being done, the thickness of the orifice within cer- 
tain limits makes little or no difference. 

The large Jets show more irregularity and disturbance in the 
Btream lines. Corrugations appear on the surface, and they undulate 
and move slightly. 

The shape of the orifice has a perceptible effect upon the dis- 
charge. Circular orifices give the least discharge, rectangular ori- 
fices the greatest, and square orifices are intermediate. As the 
rectangular orifice becomes wider, the depth being the same, it 
will discharge proportionately more water, and the coefficient of 
discharge C becomes greater. C increases as the depth decreases, 
the width remaining constant, and' it decreases as the size of the 
orifice increases, the same shape being maintained. C has a smaller 
value for large than for small orifices, and for the same orifice it 
decreases as the head increases. 



Through Various Orifices Under Low Heads. 139 

The cunre of coefficients for a particular orifice is a curva re- 
sembling the cubical parabola. With great heads it tends to become 
assymtotic, and the coefficient C probably eventually becomes a 
constant. Several of these curves are drawn to scale, with the 
head in inches, and the calculated coefficient as co-ordinates. A 
curve is then drawn in to accord with these points as nearly aa 
possible, so that the coefficient for any point within its limits can 
be read off directly. 

There are slight discordances, as ma^ be seen, which are due to 
several causes. First, there is the exaggerated scale, making the 
difference appear much greater than it really is. Again, the ob- 
servations were started with heads of 6, 7, 8 and 12 inches, and some 
of the observations under the 10-lnch head were taken with a separ- 
ate setting of the oirifice, but with the same agreement, and the 
same cane as beifore. A few of these •observations for somei reason 
do not agree well, and several have been rejected. The errors of 
observation are only slight, and would not account for them. They 
are caitsed (1) by temperature effects; (2) by certain Inherent irre- 
pilaritiea in the flow of water under low heads. Temperatures 
were taken, and an attempt was made to apply corrections by using 
the recognized coefficients of expansion for iron, brass, copper and 
water. Theoretically, they can be reduced to a common tempera- 
ture; practically, however, it is uncertain. In the case of the ori- 
fices and tanks, one side of the metal only is in the water, and the 
air has access to the other. We can only assume that the contained 
water is of the same temperature as the metal, and this does not 
appear to be the case. Till more is known, these corrections cannot 
be applied with certainty. 

With the head and observed discharge as co-ordinates, the curve 
of discharge is practically a parabola, but not exactly so. If it 
were, the whole theory of hydraulics would be much simplified. 

A cuHiousi and 'beaietiflua pheajam<0Dio>n ija the inversion of the vein, 
and as this term has been used, and is not generally described in 
text-books, a short description may be given. With a carefully 
made standard circular orifice the Jet Issues like a clear crystal bar 
of glass, and seems to be perfectly rigid. With other orifices of three 
or more sides, there is a remarkable change. The Jet develops 
wings or rays in certain wave lengths. The first are at right angles 
to the edges of the orifice, and the number is the same as the sides. 
This is because the issuing water from the corners of the orifice 
has a greater convergent tendency than elsewhere in the Jet, and 
it presses the water out into these rays. All the brass orifices show 
this phenomenon well, and the wooden ones show it to a lesser 
extent, depending upon the size. Several examples are given. 
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J^f^from 
Square Orifice 



Rectanfubr Orifice 




Jet from 
Triangular Orifice. 

The observations here recorded should be especially useful in 
British Columbia as furnishing data for the delivery of water at 
fnines, and this leads to the question of the miner's inch of water. 

The Miner's Inch of Water, It may be explained, is an arbitrary 
module adopted in mining districts for selling water. It is variously 
defined as being the amount of water discharged by an orifice one 
)nch square, or an equivalent fraction of a larger orifice with a 
head of from 6 to 9 inches. The thickness of the orifice is usually 
2 inches. 

One great difficulty is that it is a variable quantity depending 
upon the specified head, and therefore all such modules should also 
define the flow in cubic feet per minute. 

In British Columbia it is defined as being 1.68 cubic feet of water 
per minute, or that quantity of water which will pass through an 
orifice ^ an inch wide, 2 Inches high and 2 inches thick, with a con- 
stant head of 7 inches above the top of the orifice, and every ad- 
ditional inch shall mean so much as will pass through the said 
orifice extended horizontally Vi an inch. As a definition, unfor- 
tunately, this is wrong. In the first place, widening the 
orifice as above changes the coefficient of discharge, and therefore 
the discharge itself. In the second place, this orifice actually dis^ 
charges 2.147 cubic feet of water per minute, instead of 1.68 cubic 
feet, and this brings out a curious point referred to above, that 
certain small orifices, with a thickness of 2 inches run full like a 
short tube, the vein is not contracted, and they actually give a 
greater discharge than they should give. The 1 x 2, % x 2 and 2x2 
inch orifices run under these conditions, and the 1x1 inch orifloe 
is also the same, though it was not actually tried. The % x 2 Incli 
orifice runs fuH. 

The 1x2 inch orifice 2 inches thick is Just on the margfin between 
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flow with, oontraction and full bore. If fixed in the vertical 
position, with lon«;e8t diameter vertical, the vein contracts. It 
fixed in the horizontal position, with the longest diameter horizontal, 
It will also contract, but if s rubbed with the fingers on the edge it 
will run full for a time and then contract again. If kept running 
full in this way it will discharge about 1 cubic foot of water per 
minute more than when full contraction takes place. 

The 2x2 inc3i orifice nins partly full, that is to say, the lowest 
half of the orifice where the issuing vein curves down, runs full, 
while the upper half contracts. This largely injoreases both the 
dischange and' the coefficient, the flow becomes irregular, an<d It 
makes it practically impossi'ble to determine the value of- a sinigle 
Miner's Int^ when the orifice is 2 inches think. For this reason 
l-12th of the fiow from the 6x2 Inch orifice was chosen as the 
standard for the unit Miner's inoh. 

There are practical difficulties in the way of delivering abso- 
lutely exact quantities of water, and they cannot be measured out 
as a pound of tea is weighed over the counter. The definition of the 
module or unit, however, should be correct wiithin a reasonable 
limit of error. If it is a definition of a single miner's inch from an 
orifice of one square inch, it should go no farther. If the inch is 
defined as being some fiuctional part of the discharge from a larger 
orifice, it should go no farther than the capacity of that orifice, 
and as it is an unknown quantity to the outside world the dis- 
charge should be given in cubic feet per minute. Convenient dis- 
charges are 1% and 2 cubic feet. The flow under low heads is irre- 
gular. Heads of 1 ft. or more are not convenient because the water is 
delivered from ditches or flumes where the depth of water is never 
great. The question thus resolves itself into a choice of a standard 
module or unit from a flow under two conditions. 

(1) With a low head of 6^ Inches above the centre of the orifice, 
giving a discharge of IV2 cubic feet per minute, with the advantage 
that it is already practically recognized as the miner's inch, and with 
the disadvantage that the fiow is irregular. 

(2) With a head of 11% inches above the centre of the orifice, and 
a discharge of 2 cubic feet per minute, the fiow being much more 
regular, but the quantity discharged new to the people. 

Tlie author personally favors the first and a definition of the inch 
is given, including discharges of from one to one hundred Miner's 
Inches. 

Definition of the Miner's Inch: — 

The water taken into a ditch or sluice shall, be measured at the 
dltcJh or sluice head. It shall be taken from the main ditch, 
flume or canal through a box or reservoir arranged at the side, 
and the water shall have no appreciable velocity of approach. The 
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orifloe shall be fixed yertlcally at right an^rlea to the derlireriog 
wnterway, and the ed«^ and corners shall be sauare and shaifK, and 
tbe top, bottom, and sides of the orifice at liirht angilfes to the 
pressure board. The issuing vein sihall be fully oontFacted, and the 
discharge shall be freely into air. The distance between the slates 
and boittom of the -waterway, and the sides and bottom of the 
orifice aftiall be at least 3 times th« deast dimension of tho ortfioe. 

One Miner's Inch of water shaH mean l-12th of the quantity which 
wil'l discharge through an orifice six (6) in<cheiB wide and two (2) 
inches high, made of two inch planks, planed and mad^e smooth. 
The water shall have a constant head of 6^ ins. above the centre 
of the orifice. It shall mean a discharge of 1% cubic feet per minute. 

Discharges up to and including 101.5495 Mineor's Inches of 1.50 
Giuibic feet of water per minute shall be as in the following taible: 



Dimenpionp of 


Head in inches Number of m in- 


orifice inches. 


over centre of 


era' inches of 




orifice. 


1} cubic ft, per 


Width Depth 




minute. 


6 


2 


6.26 


U.9858 


12 


2 


6.25 


24.2485 


1« 


2 


6.25 


36.3851 


24 


2 


6.25 


48.6865 


4 


4 


6.25 


15.6998 


6 


4 


6.25 


2H.5560 


12 


4 


6.*i5 


47.2h53 


18 


4 


6.25 


71.6296 


25i 


4 


6.25 


101,6495 



The actual value of the miner's inch, as taken from the standard 
adapted is 1.4982 cubic feet of water per minute, which value in- 
creases as the orifice widens; 1.500 cubic feet per minute, therefbre, 
is an av^rag-e differinjg by very Httle from the actual average obtained. 

As stated above, no attempt was made to reduce the observations 
to a common temperature. The temperatures for the brass orifice 
varied between 37.0 degrees and 46.5 degrees F., a range of 9.5 de- 
grees F., with an average temi>erature of 42 degrees F. 

The temperature for tbe wooden orifices varied between 35 degrees 
and 50 degrees F., with an avera^^e of 45 degrees F. 

The mean temperature for the whole was 45 degrees F. 

Every precaution was taken to remove disturbing effects, and 
to make the work as accurate as possible. 

Altogether some 350 observations were made in sets of from 
2 to 5, involving a considerable amount of labour, both in the work 
and calculations. 

With a more careful examination of the results it may be possible 
\c give a useful discussion upon the paper. 
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DISCUSSION. 

Mr. E.Mohun. The profession generally, and the Can. Soc. C. E. in paittcular, 
is deeply indebted to the authorities of McOill, and the en^^neers 
who devote so much time and trouble to make experiments in th« 
interests of the profession, which are entirely beyond the reach at 
the ordinary praotitioner; and in the paper now before us is given 
the value of C for the orifice, prescribed by the British Oolum/bia 
Legislature, a value which the writer has, for some time, been de- 
sirous of obtaining. 

Ini 1890 the writer hojd <the pilvilege of 0abmd(ttiiD|g to tbe Scnlioty 
a paper (Vol. IV.i Part 1, Trans.), in which that very eccentric 
mea£nire, the " MLmer's Ixkch," as used in different localities on tbe 
Pad^c Slope, was d^escrlbed: 

The writer's attempt to induce the-^Sovernment of British Colum- 
bia, some twenty years ago, to make the inch a fixed quantity of 
water, irrespective of the mode of measuremenit, failed, but on« 
point was gained, the head and height of the orifice were fixed, in- 
stead of being variable qruantities, though the definition was srt^ill 
deficient, as waa well pointed out by Mr. Butler (Page 166, Vol. IV., 
Trans.), and by Mr. Drummond in the present paper. 

In 1897 the Legislature of British C?olum)bia enacted as folkxws. 
(Chap. 190, 1897, Sec. 143):— 

*' 143. In measuring water in any ditchi or eluioe in the abeenoe 
of any rules in that behalf established, by Order or Orders in Council, 
and appli^ to any record or any class of records, the following rules 
shall be observed: — The water taken into a ditch or sluice shall 
be measured at the ditch or sluice head. No wsuter eftiaU (be takesi 
■ into a ditch or sluice except in a trough placed horizontally at the 
place at which the water enters it, and whlteh trough sihall be ex- 
tended two feet beyond the orifice for the discharge of the water. 
One inch of water shall mean the quantity that will pass through 
£un orifice (two inches higfhi Iby half an inch wMe, made in a two-inch 
plank, the water tto, have a constant head of seven inches above 
the upper side of the orifice, and every additional inch of water 
shall mean so much as will pass through tbe said orifice extended 
horia^ontally half an inch. In cubic measurement, one inch of water 
sihall mean a fiow ot water equal to 1.68 cu(bic feet per minute." 
Immediately after the passage of the foregoing, the writer pointed 
out to the Provincial Secretary that with the orifice described an 
in6h would mean about 25 per cent, more than the quantity/ 1.68 
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cuibic tefit a minute, mentioDed at the end of the section, and auc- 
«e0ted that the whole of the dauae whldh retenr to the ittode of 
meaaixreonent should 1>e repealed, but without effect 

The witter then communieated with President Bovey, who oon- 
Armed hia view that the orifice would run full bore, a&d gave, 9M 
an expreBsion of opinion in the absence of experiments, ithat tlie 
value of C would approximate 0.8. 

It would seem that the only legal method of measurement, except 
by sfpedal Orders in Council, is by the orifice, and the dieohBa^ 
win vary with its wldith, making poasiibly differences of 20 or 26 
per cent, between narrow ajid wide oiriffoee, and here the writer feels 
8om»What at a los^ since no values of C are given in the taible for 
wide orifices with 8 in. head. / 

Returning to the definition, 1.68 cuhic ft. a minute is eaudyalent U> 
2,419 cnibic ft a day; but with the orifice, the discharge in cubic ft. a 
day "c Vjg] h x area x 86,400, which, taking c = 0. 7,871 and g» 
32,176, is equiyalent to 3.093, or over 26 per cent, more than by the 
second definition. 

There are several oibjections to this mode of measurement, tJiose 
who have made experiments fully understand the dlfflculties in 
maintaining constant heads, and enBuring the true heights and 
widitais of orifices. 

Agadn, in dealing with other than a small quantity oif water, such 
mode of measurement is utterly impracticable. In British Columbia 
we hanre as high as 100,000 inches recorded. It would be interesting 
to watch preparations for measuring this quantity by the prescribed 
rule; the mind fails to graeq;> the idea of a level flume over 4,000 feet 
wide running two inches of water; and imagine the feelings of the 
sfaBreholderB of a company, called upon to grade a mountain gorge 
to recelTe such a fiume. Jokimg apart, however, it te presumed tfhat 
In such a case a special Order in Council would be Issued, but as 
all engineers know. It is by do means an easy niatber to dieoide upon 
the most accurate and reasonably economical method ot, gaaglaic 
considerable volumes of fiowing water. 

The writer's conclusions are: 

1. That the "Miner's Inch" should represent a definite <inaautity of 
Mater, totally Independent of any one particular method of measure- 
ment, and he does not favour that by orifice and head, which is 
t'etter adapted to the laboratory than to the field. 

2. That the Inch sihould mean 1.68 cubic feet a mdnute, which 
is a very dose approximation to his ideal of 100 cubic feet an heur, 
and would not confiict with vei^ted interests in British Columbia, 
the only Province of which he can speaJc with knowledge. 

3. That the quantities should be determined by any of the means 
which have obtained the approval of eminent hydranlidans, whetber 
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by wolrs, ventuii, or current nceters, or Kutter's fonniola; and Uiougli 
tlM writer U unajble at the pfreeent m<nnent tx> devote the time neoefH 
sary for Invefitigation he is strongly of opinion that the laat method 
would t>e eminently advipted for uae in open flumies; a portion of 
whloh might be, for purposes of measurement, truly guaged and l«id. 
In pipes probably the Venturt. Meter wouild give most satisfactory 
results. 

4. It would appear desLnaible «bnt the *' Miner's Inch " should bs 
unifoorm throughout the Dominion, and this result can only be 
obtained by enlisting the sympathies of both the Dominion and 
Profincial Governments In the matter, which would all have to 
agree and legislate on the subject. 

IMPBRFEXrr CX)NTRA€nON. 

A very general measure i!n British Columbia is 100 inches, under 
the existing law, a flume M lUMshes wide, with an orifice 2 inches 
high, with an 8 inch head, would discharge 100 inches, but with that 
width, the sjdes of the orifice being in the same plane with the sides 
of the flume, what would be the value of O ? The writer (has been 
unable to deduce a coefficient, and would be grateful if some better 
authority than himself would furnish one. 

The rule appears to be that if the sides of a vessel approach near 
to the edges of the orifice, they interfere with the convergence of 
the streams to which the contraction is due, and the contraction is 
then modified.. The writer thinks that it is Greenhill and Uniwiu 
who state, that the infiuence of the sides of the fiume begin to be 
felt if their distance from the edges of the orifice is less thant 2.7 
times the width of the orifice. It appears to him that if the width 
of the fiume is that of the orifice, there will only be contraction on 
the upper side; and that in such a case the value of C would be high. 

The writer Is well aware that the expression "seven Inches above 
the top of the orifice" has been cavilled at, and that **eight Inches 
above the centre of grravlty of the orifice" has been suggested as 
the proper definition; as, however, the two expressions mean exact- 
ly the same thing, and the former is more easily understood by the 
majority of those interested, the writer holds it the better phrose, 
being one of those who desire to render matters intelligible to such 
as ai^ not conversant with scientific terms. 

No doubt many memibers of the Society have, like the writer, spent 
months in the mountains, and to such he would appeal, and without 
hesitation declare that in the first place, probalbly far removed from 
civilization, with the ordinary miner's outfit, it would be practically 
impossible to construct a flume and orifice which would be accurate 
in all respecte, and in the second place to secure a unlfonn head of 
eight inches. 
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teiiiAirge. '^^ writer cannot conclude witlu)ut expresednc: hte deep senee of 
obligation to the authorities of MoGill and the engineeirs who, like 
Mr. Drummond, have taken so much troulble to give redialble in- 
formation upon the subject of discharge throu^ph oriflces. 

Mr. BadHalrge had much pleasure aoiid eatisfactian in hallln« tlie 
. issue of thie paper fnom euch an instltutinn as McQlll, bo well pn>- 
viklped as he knows it to l>e with all 4ii«B most modern, apparatus 
applicalble to the results arrived at. 

As he cannot attend the meeting at which the paper will be dis- 
cussed, and as the rules of the Society allow of this being done by 
conrespoudenice, may he request that the que0tiOAi as to how there 
is fudh a ddacrepamicy in "oo-eiBotointtto," say tMltweein. No. 11 at aiL, 
and Noe. 12, 13, 14 ; ftn: wihifle coefficdent to No. 11 is .6168 under 
an orifice of 2 in»heEr wide by 1 inch bdigh, and a head of 
7 inches, No. 12, under same size orifice and same head, gives a 
coefficient of .73»2, differing from that of No. 11 by .1064, while the 
■Whole aeries of other coefficients with the exception of Nos. 13 and 
14, range only between .6104 and .6408, or a difference of only .0304, 
or lees by more than three times, than< the difference bet^^een Nos. 
11 and VI, 

Will the author please explain the dlfferemioc between the 
headiings ^'steady stream,'' or "vein rum full." The writer would 
BOW recommend that McGill, thraoigh Mr. Drummond, or Mr. Bovey 
himself, do institute a series of experiments on the loss of hydraulic 
effect on open air jet as due to short and long stretches of pipe of 
the same ssnall diameter. 

The necessity for this, is made evident by the results arrived at 
by the writer in 1S&5, or after the putting in of the second or new 
mfidiL of 30 inohelB cliameber .(the! first or 18 inch, main laid under G. 
Baldrwin of Boston in 1851). These results are tabulated in the ac- 
companying paper or report, where thei effect Us seen of the dAfter- 
ences of delivery from pipes of the same and of varied diameters 
and of different lengths. 

For instance at No. 30. it is seen that under a static head of 100 
lbs., corresi>onding to a static height of 233 feet, or the height to 
^hich water under that head or pressure would rise if enclosed In a 
pipe; it did not reach one-tenth as high wlien flowing thorough 50 
feet of 3 inoh flpre hose and from a 1% ineh aozzle, but only to. 20 
feet, or up to seoooid floor of the woolen factory at the oomer of 
Jacques Cartier and Dorchester streets. 

No. 8 of the table shows a greater height of flre or open jet, say 
70 feet, or just over apex of roof of St. Bridget^s Asylum at oomisr 
of GraiDde AUe^ anid/ De Salaiberry streeti ; tlhus flailliingr short by 68 
f€et or 50 per cent of heigiht due to static pressuire at that point: 
But though the length of 4 inch pipe in this case Is 1,770 feett, or 
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greater than that in the former case, it will be noticed that in the 
latter ostBe tihe total lengtb of pipe nm thiouch from tbse pokit oC 
delivery at Mount Pleasant was but 1,770 feeit, whfle, In the former 
case (No. 30 of taibular statement), the nm was not only through 
the 1,315 feet oif 4 inch pipe, but that before reaching this, the water 
had to run throuehi 3,440 feet of 14 inch pipe, 1,575 feet of 12 inch, 
700 feet of 8 inch, and 575 feet of 6 inch pipe, a total distance of* 
7.605 feet. 

Tbe writer belieyes this tabular statement to be the only one of 
the kind eyer prepared or published for any city that he is acquainted 
with, and that it contains the most valuable, not theoretical, but 
true, practtoal or aotual data, whence toi predicate the flow of water 
through varying lens^lis of pipe of varying diameters, and that as 
such it should now l)e reproduced for the information of the profee- 
sion at large in the forthtcoondn^ voiume of the Transactions of th« 
Society. 

The writer, in expressing a desire that experiments be made at 
McOiU on the com«parative flow (as modified by friction) of water 
throuigh vao-ying tenths of pipe of the same and of small diameter, 
would suggest, to render the thing possible, on the premises of th< 
College, or without going out of the precfincts of the OoUege grounds, 
that these trials be Snetituted on pipes of 6 inches diameter and down 
from 5 Inches to 4 inches, 3 inches, 2 inches and 1 inch, in lengths 
of 100 or 200 to say 2,000 or 3,000 feet, for the 6 inches, 5 inches and 
4 inches, and of 100 feet to 2,000 for the 3 inches, 2 inches and 1 inch 
pipe. 

If the space to be devoted tx> the experiments be curtailed to the 
extent of necessitating that the pipes be thrown into folds by semi- 
circular curves, the consideration wiU arise as to w^hether the num- 
ber of folds or elbowe in the longer pipe should be in ratio to 
length and number of elbows in the shioirter of the two pipes, or 
whether there being only one or two ellbows in the latter, there 
•hlould be but the same number in the former, to render the com- 
pairison both theoretJlcaUy and practically aooepta^ble. 

There is a great future for McGill In this matter of hydraulics, or 
of water In motlKm. the statics of the subject being better known* 
As the writer has alai^eady said, he halls with satisfaction this taking 
up of the su»bject of "water in motion" under the different circum- 
stances of comparative lengths, diameters and number of bends or 
elbows, and of what degree or radius of curvature in ratio to length 
of curve, and he looks forward to the day when McOill, with its 
splendid and complete plant adaptable to the study of all such ques- 
tions, may further enlighten Canada and the world at large on this, 
as yet, not sufficiently known suibject of hydraulics; or at any rate 
Of that branch of it dealing with the flow of water through pipes. 
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GomolHxraitiYe of th<e reftult asrlTed at by the autlior in 1S86, in 
his experiments on the Quebec Water Worke system; he may re- 
mind the profeasion that some few yeare ago he was en^^acred with 
Messrs. Keating, Kennedy, MoGcmnell and Beaudiy on a matter 
relating to the S(heiibxxx>ke system, where it had been shown that 
vthdie, duriner a term of more than eifirht years, the diameter of 
pipes had been considered ample, having up to that ttme given full 
satisfaction under domestic requirements, they were found to be 
entirely deficient and uselesB w<hen» at the fire of the National Bank 
on Wellington street, and though at the lowest level of the city, 
the flow of water through some 1,500 feet of 4 inch pipe was so re- 
tarded by frietlon that the five jets only reached to the lower por- 
tton of the third floor of the building, which, being four stories high, 
with high roof or attics, the whole block of buildings containing the 
bank premises, was reduced to ashes. 

The writer was alBO lately engaged with Mr. Gallagher, for many 
years Water Works Engineer and Manager at Quelbec, and with 
Mr. Gauvin, an engineer of the Department of Public Works. P.Q , 
on the question of the adjudication of prizes (11,000.00 and $500.00) 
to the competitors for the proposed- water works, drainage and 
electric lighting for the town of Levi0 (Soutflx Quebec), and that one 
*jf the salient and pertinent points for consideration was the com- 
K'tarative quantities or lengths of the smaller size pipes, as relating 
to flre protection. It was this among other pertinent matters that 
was taiBtrumental in securing the first prise to Mr. R. Surbees, C.B., 
of Ottawa, he having in accordance with the present practice of the 
profession, almost totaiUiy dlsoBjded th» 4 inich main, eaoefpt for shoit 
streftoihes of a few bundred feeft, while tbe othier oMnpetiitors had 
induJ^red, as heretofoire, in the use of tftiouauDdlB upon thooflanidB of 
these small bore pipes, so inefflcient, when in long stretches, in 
the dealing with a fire or conflagration of any extent; a case of 
fSalse and mistaken economy. 

And as again further corroborative of the importance of distin- 
guishing bet v^een the requirements of a merely domestic water sup- 
ply, and one where fire requirements are to be considered, the writer 
would remind the profession that In mostly every other case where 
his services have been required in relationi to the efficiency or the 
contrary of small bore conduits, he has invariably found that, while 
small diameters otf 4 and even down to 3 and 2 inch pipes arj 
sufficient for family supply or domestic purposes, they and evsn 
those of 4 inches are absodutely inadequate and altogether useless 
when fire protection is to be considered, which, of course, it always 
should be, since the matter of fires and fire insurance premiums, 
as well in the merest town or village, is proportionaibly just as 
pertiiiient as in a large and crowded city or community; tine lasft case 
with, which the writer is now concerned, or on which he has been 
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Dr'ummond. retained, being that of the thriving parish of Riviere du Loup, or 
Frazerville, where an aqueduct has Just been put in, while doubts 
as to it0 effloiency are already cropping up. 

Referring; to the diecuBsion upon this paper, various questionp 
liave been asked. The reason that such larfire discharges are re- 
corded for the i by 2, 1 by 2, 2 by 2 and the 1 by 1 inch 
orifices is that fhese small orifices run full like a short tube 
when the orifice is 2 inches th*ck. Partial comtractlon pcY)l>ably 
occurs, but the Jet iscniing from the orifice at the outer edge fills the 
wihole orifice there, and the discharge an<d the coefficient are both 
largely increased. The ^ by 2 Inch orifice taken as the staoLdard of 
the unit Miner's ilncih in ithe Minjilng Act of British Oolumlbia, 
runs full as aibove in the horizon'tiaJ and vertical positions at heads 
of from 6 to 12 Inches, and It aUso actusMy runs 2.147 cubic feet 
per minute at a head of 8 inches above the centre of the orifices, 
while it is tabulated' to run only 1.68 cubic feet per minute, simply 
because it runs (uU as aJbove. The 1 by 2 inch ortfice contnocts when 
in the vertical position, but when arnamged In the horizontal posi- 
tion it will sometimes contract and sometimes run full, and by 
rubbing the inside of tlhie orifioe it may be ohsn^ed from one con- 
dition to the other. The 2 by 2 Inch orifice runs partly full, that 
is tb Eay„ the lower (half of the ilBBuing vein whlore It curves down- 
ward fills about half of the orifice, while the upper Oialf contracts. 
This condition of flow increases both the discharge and the co- 
efficient of discharge, the flow becomes irregular, and It is thereftore 
impossible to measure a single Miner's inch. For tftue above reasons 
one-twelfth of the flow from the oriflce 6 inches wMe and 2 inches 
high was chosen as the unit Miner's inch. The above orifices under 
higfher heads would, dou/btless, contract, and the profbability is that 
the 3 inch wide and 2 iucih high orifice would also oontmact at tflie 
low heads. The meaning of the terms " steady stream " and 
"vein runs full," has also been asked. The first simply means 
that tfhe iissuing stream contracts and runs in a steady, regular 
manner. The siecond term refersr to the phenomenon described that 
the orifice runs full. The term is not quite correct, and should 
only be applied to the phenomenon known as the injverslonj of the 
vein, where a redtangu'lar orifice, verticail or horizontal, will give 
a Jet which is horizontal for the vertical orifice, or vertical fop the 
horizontal oriflce, and it al*> develops wings and nays. All ori- 
fices except clTouilair ones, or those nearly oirouUir, present t^i^ 
phenomenon,; and it has been described in the paper. It is not so 
lAarked, under low heads though many of the orifices experimented 
upon showed it well. My experience of the West has taught me 
that the value of the Miner's inch usually adopted is 1% cubic 
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flaet per minute, aad it is also a oouuvenieat numiber fior •divid- 
ing by in TOAklng reductioiMB from cubiic feiet to Mlner*s inchee, 
and I have, tiiereA>re, retained CiMs value. Fbr tlie oriflce 2 inoliefi 
high {the (bead -wbloh most luearly as^proaicbeB ithiB dl8cbai:se per 
mlnoite jb 6^ incheo above the oeaitne of the oorlfice. The 6 by 2 
inch oriflce givee a value of 1.4982 outoic feet per minute, which 
increases as the orlfloe wiiidens with the same (height amd the mean 
value of the M-Iner's Inch from the various widths is practically 
1% cubic feet per minute. The flow from the orifice 4 inches high 
is Leas in proportion to the area, and tihe profbablUity is that a head 
of 6% imches wouM approach nearer the flow of 1% cubdc feet per 
minnte than 6^ inches. The same value has heen assumed through- 
out, and values for the different orifloes up to 100 Miner's Isehee 
has been tabulaitied and shown. For larger discfliarges co-efflcients 
would have to be) taken :tD cover the conditions as nearly as poss- 
ible, and the discharge calculated. As sitated in the paper, it is very 
ddfflcult to deliver exact quantities of water. One hundred Miner's 
inches covens the requirements for all drifting mines — in faet, 
for all mines except the larger hydraulic mines — ^and the determin- 
ation up to 100 Miner's inches will be found accurate. The value 
of the Miner's inch varies in the different mining centres, instead 
of being the same ais it should. Ehiideavours will be maide to 
have the same valnes throughout the Domindon. The paper has 
been dhtanged somewhat sln<ce the advance proof was issued, and 
the author thinks its value has been oonsiderafbly increased. 
Additionail work ihcus been done, amd the Miner's Inch is no^ 
tabulated waA given up to and including 100 Miner's inches, and 
the paper should be of great service in the delivery of water. It 
must be borne ki mdtncU however, that the conditions of the edges of 
an orifice has a great effect upon the discharge. They must be 
square, sharp* and right-angled, and the mere they vary from this 
th*? greater will be the discharge. 
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Mr. w R The experimeiutB recorded in 'the {paper are txiSSL ci interest, and 

^^^^' they have evidently been carried out by the author with much care 
and industry. 

The results seem to agree, in the noain, with others which have 
been published bearing upon the effectfi of variation in the values 
of the ratios between head, width, height, and length, upon the 
coefficient ol discharge; the values of peculiarities of these co- 
efficients as talbulated may no doubt be accepted for application 
wherel the conditions are similar to those under which the experi- 
ments have been conducted, and where H,. H^, and H^^ — ^H^, are 
all small quantities. 

The existence of critical values of the above ratios, governing the 
suppression of contraction, ilustrates the danger which sometimes 
exists oif making too general an application of results obtained ex- 
perimentally under special conditions; thedr existence is a matter of 
€ome moment to the buyers and sellers of water under the module 
refeiTed to. , 

The British OolunKbia definition of the "Miner's Inch," had it 
stopped short at the first part and insisted also upon the sharp 
edges and free overfall, would probaJbly not have been very wide of 
the mark; how much more than the stipulated 1.68 cubic feet of 
water customers have been oibtalning for their "Miner's Inch" has 
often no doubt been dependent upon the condition and shape of 
the walls of the orifice (frequently perhaps roughly and carelessly 
shaped) and possibly orifices may be found in operation producing 
all sorts of variations betyeen complete and suppressed contraction. 
•It occurs to the writer to question whether the ori'fice 2 inches 
square, which is suggested, with the attendant other relative di- 
mensions, might not in some cases be inconvenient, where less or 
more than the four "Miner's Inches'' was to be delivered, or where, 
in irriga%.ion worka, the necessary position of the orifice made it 
difficult to fulfill the other required conditions. 

Might not the quantity be gauged, in alimost.all <cases, by means 
of a weir or open notch — which is protoably the miost satisfactory 
form of gauge for outdoor situations, the box or reservoir sugcrested, 
in sujch case, being made to discharge over the weir, and coanmunica- 
tlon between the box or reservoir and the main flume, to be by means 
of orifices of the shapes whioTi have been commonly used, but made 
caps/ble of adjustment, as to their dimensions, by means of a sluice 
gate or shutter. Any required head might in this way be maintained 
over the sill of the wetr, and the . quantity might be adjusted- with 
a very fair approach to accuracy. 

The "Miner's Inch" might still be defined as 1.68 culblc feet of 
water per minute— or say five-thirds of a cubic foot, and the method 
perhaps would involve little change In the existing order of things 
and might legalize the measurement of the Water upon a principle 
sufficiently accurate for all practical purposes. 



ThttiBday, 6th December. 

Q. U. DuooAN. Vice-President, in the Chair. 

The following donation to the TMymry was reported:— 
"Some Details of Water Woi*s Construction," from Mr. J. D. 
Mackerras, A.M.Can.SocC.E. 



ABSTRACT. 

PAINTS AND VARNISHES. 

By A. H. Sabin. 

(Journal Assoc'n. of Engineering Societies, Feb., 1900.) 

Cement is strongly alkaline, and as alkalies do not attack iron, 
the iron will be preserved as long as the alkaline quality persists; 
but cement is somewhat porous, and the protective effect may be 
less if the iron is submerged, or in the presence of acid gases. 

Asphalt is non-porous, and insoluble, and an excellent covering 
in situations where a layer of considerable thickness is used, but 
it will melt if subjected to heat, and is not self-supporting. 

Paints furnish a non-porous and durable protecting film. Or- 
dinary oil paints consist of linseed oil, and some pigment, which 
is added to harden and thicken the film, and to fill up the pores 
in the oil film. 

The pigment red lead Iet entitled to a place by itself. It is a 
powerfully basic substance, which combines chemically with the 
oil, forming an insoluble, hard, tenacious mass. Chemically it is 
known that commercially pure red lead, composed of n'othing but 
lead and oxygen, is a varying mixture of protoxide and peroxide 
of lead, the latter being from 45 to 90 per cent. The correct pro- 
portions to make the best paint are not known, and possibly much 
of the uncertainty attaching to the use of red lead is due to this. 

Linseed oil pocs ooo cfl the property of thickening rapidly on ex- 
posure to the air, in a higher degree than any other oil. This 
is not due to evaporation, for it absorbs and combines with the 
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oxygen of the air, increasing in weight. A paint made with it maj 
be handled in five of six daye. "Boiled" oil is raw linseed oil 
treated so that it will dxy In twenty-four hours. Many processes 
are used, and therefore it appears that, while raw oil is a definite 
substance, boiled oil is a name applied to a variety of manufactured 
products. It is possible to make it from fish oil, or heavy mineral 
oils, which are much cheaper than linseed oil. 

These latter practices of systematic aduUeration are eepecially 
followed by the manufacturers of paints. They take the ground 
that the users of paints ought to pay a fair and legitimate price for 
linseed oil paints, and that if they prefer to purchase at a lower 
price, it is the business of the paint manufacturer to supply at a 
reasonable profit a paint that will meet their requirements. It 
requires a tedious and expensive analysis to detect these adultera- 
tions. I 

Varnishes consist of linseed oil mixed at a high temperature with 

a vegetable resin. When properly mixed, the kettle is allowed to 

oool somewhat, and sufiElcient spirit of turpentine is added to make 

the varnish flow properly when cold. Varnish can be applied in 

a thicker film than oil, makes a harder film, and is less porous. It 

properly made and proportioned, it is more valuable than an oil 

paint. As a matter of fact, it has always been used over paint to 

protect it from the weather. The question naturally arises, why 

not further increase the permanence of varnish by the use of a 

j pigment, as with oil. Pigments do increase the durability of var- 

,j nishes, and by far the most permanent paints which it is possible 

to make are made in this way. These will not be so brilliant and 

lustrous as the varnishes alone, but more so than the oil paints, 

and smoother and harder. To remain sufilciently edastic and 

tenacious, they must be properly made, the commonest adulterant 

vS of varnish being rosin, a comparatively small amount of whkU 

j| wMl completely ruin the durability of the best varnish. 

jl The objection to the use of varnish paints is their cost. Suppose 

.•^ it costs twice as much as an oil paint, which would probably b« a 

J minimum. The minimum cost of applying any paint will be as 

/' much as the price of the oil paint. Then when applied the costs 

•;-' will be as two is to three. If the varnish paint will last 50 per cent. 

|j longer than the oil paint, it will be as economical. It is the 

i opinion of the writer that it has been proved by actual use to be 

'! more than 100, and in many cases 300 per cent, more lasting. 

The comparative value of the ddfCerent paints and protections 
used, is diflElcult to determine. The writer Is of opinion that there 
is no veiy decided difference In the eflSicIencies of the various pig- 
meu'ts, that varnishes and varnish paints properly made are better 
than oil paints, that the latter give better average results than red 
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lead, but that the beat possible results with red lead are considex^ 
aUy better for moert: exiKwures than oil paints, and that adultera- 
tion is a common and serious erll. 

This latter is the fault of the purchaser rather than the maker. 
If the former would not buy an inferior article, the latter would 
not make it. The writer knows cases where paints, the materials 
to make which, as specified, wouM cost |1.30 a gallon, were nip- 
plied, guaranteed to pass inspection, at 60 cents. The purchaser Is 
to blame for this. In letting contracts at prices which. If the con- 
tracts were literally carried out, would entail the ruin of the con- 
tractors. These men are the real builders of the great engineering 
works, and are entitled to fair pay for their labour and skill, and 
when they are told that they will not be paid for a good article, 
they are likely to supply an inferior one. Since the range of priccB 
for paints for structural work is about 400 per cent., it is natural 
that inferior articles should be often substituted for better caes in 
this line, if they are in any. 

J. a. K. 



Thursday, 20th December. 

G H. DuGGAN, Vice-President, in the Chair. 
Tapwr Ifo, i5.5. 

NOTES ON CANADIAN MILITARY RIFLE RANGES. 

... t 

By G. S. Maunsell, A.M.Can.Soc.C.E. 

There are in Canada about one hundred military rifle ranges 
registered in the Department of Militia and Defience, varying in 
nunDber of targets from one to fifty-five. Ranges of one and two 
targets are used by individual companies. From eight up by ' 
battalion or more. 

Before the issue of the Lee-E}nAe)d rifie, tlhe old Snider, with 
which the Canadian Militia was armed, was comparatively easily 
provided with a safe range. With the modern arm, and as the coun- 
try becomes more thickly settled. It is a much more diflElcult matter. 
No rifle range is absolutely safe, particularly where inexperi- 
enced men are flring. There is always the richochet or wild shot 
to guard again^, to say nothing of t/he rifle being discharged prema- 
turely. 

The extreme ramge of the Lee-Enfleld bullet is between 3.500 and 
4,000 yards. The following thicknesses of materials are proof 
against bullets from this rifle:— 24 inches of earth, not rammed. 
% inch mild steel plate, 38 inches fir, and 24 inches oak. 

The question of background behind targets is, therefore, a very 
impoitant one. If the country beyond is level (even with an arti- 
ficial butt), tflie length of ground behind the targets should be at 
least two thousand yards. If a natural stop butt or hill is provided, 
the slope behind the targets should be one over one, to prevent 
richochets, and should be fifty feet in rear of targets. If the proper 
slope is not naturally provided, it should be scai-ped. 

With reference to the construction of markers^ mantlets, stop 
butts and targets, the Department of Militia and Defence has adopt- 
ed a standard which Is carried out by tne Engineer Branch, under 
the suT^ervision of the Chief Emgineer. This standard, so far. ia 
applicable only to the larger ranges, and is adopted on the Rock- 
liffe Range, Ottawa, and at Hamilton. Others are now in construc- 
tion under this system. 

This standard (see Plate 10) consists of a trench for protection of 
markers, about four feet deep, according to the nature of the ground. 
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witb a retaining wall in front edglht feet high above markera' plat- 
form, and natural slope of earth In rear. A stop butt, twenty-five 
feet high on level ground, \b placed fifty feet in rear of the trench, 
constructed of crib work with stonee. The target frame (see Plate 
11) need in this trench was devised by the Chief Engineer, Militia 
and Defence, and consists of a steel frame holding any size .target; 
the target sliding up and down on pulleys, counterbalanced by a 
second target or dummy. The dummy is used for marking. If two 
targets are used on each frame, discs are used for marking. 

Tlie construction of the different ranges, other than the stan- 
dards, varies in different districts, according to the nature of the 
ground, number of targets required, etc. 

When the nature of the soil permits, and drainage is obtainable, 
a trench seven feet deep is dug for the markers, and an ordinary 
"Window Frame" or revolving target is used. 

If the naiture of the grround is rocky, and not easily excavated. 
a crib work mantlet (see Plate 12), eight feet high over markers' 
platform, fe erected, filled with earth, eight feet thick at top, and 
lined on interior face with % indh mild steel plates. From this 
mantlet target carriages are run out on tracks on either side, with 
targets which are run in to patcb and mark. 

A standard Morris Tube portable rifie range (see Rate 13) has also 
been adopted by the Department of Militia and Defence, and con- 
stmcted by the Bn^jliieer Branch. This consists of a portable steel 
mantlet for ^he protection of markers, with two miniature targets 
each, one on either side. It is used either in drill halls, armouries, 
or at camips of instruction. A Morris Tuibe is placed in the barrel 
of the Lee-Enfield rifle, and a miniature target used at a range of 
about 26 yards. All the Canadian transports for Soutih Africa were 
fitted with these ranges; two for rifle practice (four targets), and 
two for revolvers (four targets). 

A system of movable targets is now being devised by the E'x- 
gineer Brancli, Militia and Defence, for the larger ranges. This 
consists of a double line of rails at reverse slopes, so that the car- 
riage, containing targeit, runs down one and back the other. This 
carriage may contain a target of a running deer, disappearing man, 
or any such device. Earth works are thrown up to protect tho 
markers and target carriages. 
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Thursday, 3rd January. 
. - ' Dr. H. T. Bovey, President, in the Chair. 

CORRESPONDENCE ON RIFLE RANGES. 

Mr. C. R. Coutlee thought that the subject of rifle ranges was 
one well worthy of serious attention by engineers, and one in which 
they might well assist their country by introducing modern ideas 
and cheaper -and more efficient constructions. 

He thought it well said that ranges were never safe with the ex- 
treme killing distance of modern rifles. The greatest danger was, 
of course, behind the targets, but accidental shots might carry later- 
ally, and in general the residents near a range were in a state of 
suspense while matches were in progress. This rendered shooting 
somewhat unpopular and the ranges few, limiting the free use of the 
soldier's only tool. Even where ranges were provided, men were 
required for marking, etc., with consequent expense and trouble to 
the volunteer, so, practically, ranges were used by but a few enthusi- 
asts near towns. 

He thought that this state of affairs could not be compared with 
the inducements to proflciency in shooting that would follow the 
establishment of numerous local ranges provided with self-register- 
ing targets and covered-in firing butts. 

As to the requirements of such ranges, the area of land should 
be as small as possible to limit expropriation expenses. The length 
should be, roughly, a mile, so means should be taken to allow of as 
narrow a strip as possible, consistent with efficiency. A range lo- 
cated lengthwise of a valley or along the base of a steep hill would 
at once secure side protection. 

The surface between firing point and target should be graded 
level to admit of the fire plane being as close to the ground as pos- 
sible. It was very important to inculcate the habit of shooting lew, 
in fact, it would be well to count no hits above the top of the bull's 
eye. 

The firing points were generally earth mounds at fixed distances, 
200, 500, etc., yards from the targets. The contestants, scorers, 
etc., moved all their belongings at each change of range. It would 
be preferable to have a fixed covered-in firing point, and targets 
arranged to approach and recede. A graded range would allow of 
operating targets on light railways. Such targets might be self- 
registering or consist of steel cabins mounted on wheels, the marker 
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being inside and having telephone conn£Ction with the firing point 
Moving targets were very serviceable in giving experience in the 
judging of distances. He thought that at the end of the range, where 
at present an earth "parado" or stop butt was used, it would seem 
better to erect a steel plate stop screen, say 25 feet high, supported 
by angle frames and securely riveted. It would cost from %5 to $10 
per linear foot and afford greater protection to the public both from 
high shots (the targets being much lower than at present) and from 
ricochets. Steel screens would also allow of operating disappearing 
targets in several ways. Cable ways, stretched between target cars, 
above described, were also worth experimenting upon. Stop screens 
might possibly be constructed of bullet-proof cloth held between 1 
inch board sheeting. A general fault of the standard target shown was 
its height above ground, which encouraged high shooting, while hit- 
ting a man lying down, or running in a stooping posture or just ap- 
pearing over a ridge, always close to the ground, would seem to be the 
piactical requiiement. The retaining wall shown seemed to be too 
deeply founded for a standard section. About 3 ft. below the sur- 
face would suffice, and all the wall should be concrete if it paid to 
use that material in any part. There was no frost batter, and no 
stone filling was shown in rear of wall to allow drainage down to the 
weep holes. The elaborate concrete slab between the marker's plat- 
form and the stop butt did not appear necessary. The author had 
drawn attention to setting posts of target frames in concrete, which 
only enlarged the diameter of the post and would not prevent settle- 
ment. This difficulty sometimes occurred with posts from which 
car gauges were hung or from which gear connections were made, 
and resetting became difficult. Concrete foundations should be hori- 
zontal, not vertical. The Morris Tube shields appeared to be a thor- 
oughly good and well thought out design. Good marksmen were 
produced on the piairies because ranges were everywhere, and con- 
stant use of the eyes at long distances improved the sight. He con- 
sidered that numerous rifle ranges, planned as indicated, and ad- 
ministered somewhat after the style of the familiar "shooting gal- 
lery," would surely tend to diminish our lamentable inefficiency in 
musketry. 

Mr.W. R. Butler remarked that though it was but to repeat 
what was insisted upon in the paper, it might be reiterated that too 
much care could not be exercised in the securing of ample range 
behind the target. It should certainly be not less than the 2,000 
yards specified. The question was whether even this was sufflcient. 
An earthen stop butt, whether natural or artificial, would need to 
be of very considerable height and extent to afford anything like 
adequate protection, and unless the material should be of the nature 
of pure sand it could hardly be considered a preventative of ricochets. 
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With recruits, the wildest shooting, and all the risks of acci- 
dental discharge, would have to be provided for, and, with reference 
to the design of mantlet shewn — it might perhaps be questioned 
whether the target frame were sufficiently below the top of mantlet 
to guard against splintering of the nickle cased bullet, in a "drop- 
ping shot," upon any iron work in the frame. It was not an un- 
common thing for the protecting roof of the mantlet to be struck 
by a bullet. The plate did not show distinctly of what material this 
roof was formed, and the details of target frame for side targets 
were not shewn. Referring to the masonry retaining wall, he thought 
the question would arise whether, with some soils, the top part of the 
back of the wall was protected from damage by action of frost. This 
part of the wall would need to be kept very perfectly intact, other- 
wise the steel plate might perhaps become as welcome an addition 
to the markers as it must be in the case of the crib-work mantlet. 
It had been reported to him that various plans had been pro- 
posed for ranges, where a great deal of shooting was done, having 
for their object the collection of the metal of the bullets, etc., and 
that at Bisley, for instance, £100 per annum was easily cloared 
over and above the cost of digging and collecting. Being a civilian 
he could not presume to criticise the paper, and had submitted what 
had been suggested by an examination of the diagrams in the light 
of what limited opportunity he might have had of noticing the in- 
cidents of range firing, either directly or indirectl^y. 

Mr. MAcrnF.BsoN thought that it would appear, at first glance, 
that the subject of Military Rifle Ranges had but little to do with 
Civil Engineering, yet there were engineering problems involved, 
and not only engineers, but public spirited men of all classes should 
take an interest in everything which would tend towards making 
every able-bodied man in the country, if not an expert, at least a 
fair rifle shot. He thought that our recent experience in South 
Africa should teach us a lesson as to the almost inestimable defen- 
sive value of the modern rifle in the hands of men trained to use it; 
but as Canadians were peaceful people, not likely to be called upon 
to fight in any great aggressive war, the great value of the rifle, as 
a weapon of defence, should be particularly reassuring to us. 
The great majority could only learn how to shoot at rifle ranges, 
hence their interest to engineers became apparent, and the Author 
of the EOtes on ranges had shown clearly how they were constructed. 
It remained for us to criticize and suggest improvements, which was 
rather a difficult matter for a civilian to attempt, even though he 
may have had the benefit of military training in youth, as such rapid 
strides had lately been made in modern arms and all that pertained 
thereto. He noted that a system of moveable targets was belne dp- 
vlsed by the Militia Department, and he would venture to suggest 
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that they should go furtoer and discard fixed targets entirely, in 
actual warfare, or any kind of shooting to kill, the rifleman had to 
judge his own distances. It would immensely improve his abiliiy 
to judge these distances correctly, if all firing on ranges were done 
at moveable targets at uncertain distances. A system of targets with 
protection for markers could be devised so that the whole device 
could be moved together and used at any rate and all distances. The 
Morris Tube ranges, mentioned in the notes, were a valuable adjunct 
to real ranges, and, in the absence of the latter, were invaluable, 
especially in the preliminary stage of marksmanship. 

Mr. J. W. Habkom commented upon the unsuitability of the 
present standard target on account of its height, it being too costly 
to construct in rocky ground and hard to drain in low ground. It 
was also complicated, and likely to get out of order. He expressed 
approval of Morris tubes and of Coutlee's system of movable ranges, 
the latter especially for training and practical shooting. The intro- 
duction of long range rifles, he stated, had rendered the possibility of 
securing ranges much more diflBcult than formerly, on account of the 
danger from wild shots and ricochets. He approved of the use of 
permanent shooting ranges with targets in echelon, and of the use 
of screens to protect from wild shots. He believed that shooting 
galleries would take the place of rifle ranges in the vicinity of large 
cities, being supplemented by an occasional day's practice in the 
country. Except in very favourable locations, shields should be used 
on all ranges to deflect wild bullets to the ground, and the ground of 
the ranges should be soft. 

Mr. R. W. Leonard observed that Mr. Maunsell had given the 
thickness of various materials which were proof against bullets from 
the Enfield rifle. A little more definite information as to the dis- 
tance such bullets would penetrate these materials would be of in- 
terest, as he had seen it stated, by a credible authority, that at a dis- 
tance of thirty feet these bullets would pierce six inches of fine dry 
sand confined between one inch boards. 

The Author, replying to the correspondence, wished to point out 
to Mr. J. W. Harkom that the standard target frame could be used 
at any depth (the bottom of the target being either on a level with 
the surface of the ground or above it, according to circumstances), 
but would require a certain depth of trench. The construction of 
this trench would be also necessary for the protection to markers. 
The depth, as was pointed out in the "Notes," would vary with the 
nature of the ground. If the nature of the ground were such that a 
trench w^as not practicable, it was pointed out that other forms of 
construction were adopted, such as the lateral targets shown on 
plate 12. The standard target frame had not been found at all com- 
plicated, nor likely to get out of order if properly set and balanced. 
It was very necessary that targets be placed as near the ground as 
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circumstances would permit. The standard target frame allowed of 
this, with the usual trench required for all target frames. The 
standard frame took up the minimum lateral space, thereby reduc- 
ing the width of the range, which was an important point in con- 
sidering the cost where a large number of targets were provided. 
This was not the case with the target shown on plate 12, or with 
revolving targets, where much more lateral space was required. The 
construction of rifle ranges with targets in echelon and one firing 
point for all ranges had been found very satisfactory at Toronto, but 
was a much more expensive method of construction, and, therefore, 
not generally adopted. He would say, with reference to Morris Tube 
practice, that since his article was written, Morris Tubes had been 
practically done awa,y with, and a cartridge of full size, but with a 
reduced charge, had been adopted with great success for gallery 
practice. The same marker's mantlet was, of course, used with this 
ammunition as with the Morris Tube. Mr. Coutlee's idea of covered- 
in firing points was hardly necessary for practical work, nor would 
it tend to teach the soldiers active service conditions. A graded 
range, to allow of operating targets on light railways, would be a 
most expensive arrangement where a large number of targets were 
required, but might be feasible on a small scale. The self-register- 
ing target was a good suggestion, and had been tried, but, as yet, 
without very satisfactory results. The difficulty was to get accurate 
marking. He did not consider a steel plate stop butt practicable 
for large ranges. Although the cost of the plates only for a butt of 
%^' steel 25 feet high would probably be about ^10.00 per lineal foot, 
the additional cost to* properly stay this shield would be very great. 
In any case it would be questionable if this structure would with- 
stand the great wind pressure. The concrete between the marker's 
platform and stop butt kept the target posts dry and the trench 
from being washed out. A cross section of the target posts only was 
shown in the drawing accompanying the notes, whereas a longitu- 
dinal section would show the foundation of concrete between each 
pair of posts horizontally, as suggested, with longitudinal cedar 
feet joining each pair. 

The Author, in reply to Mr. W. R. Butler, remarked that the steel 
target frame was six inches below the top of the retaining wall or 
marker's mantlet when in the firing position. This space was con- 
sidered and had been found ample. The trajectory of the Lee En- 
field was very flat- The bullet had an angle of descent of 1 in 22.5 
fired at 1.000 yards. The "protecting roof," referred to by Mr. Butler 
in the marker's shelter in Plate 10, was only for the purpose, of pro- 
tecting the marker from the sun or rain, and was not required for 
protection from bullets; nor could this roof be struck by a bullet 
passing over the wall. It was constructed of a wooden frame, 
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shingled. The detail of the construction of targets for the lateral 
target carriages in Plate 12 was practically similar to those for the 
steel frames, the legs of the wooden target fitting into slots in the 
frame on the target carriage. There was no necessity for a steel 
plate in rear of the masonry retaining wall, as, even without the 
earth protection in front of this wall, there would be 2' Z'' of ma- 
sonry or concrete to stop the bullet, but the earth was necessary to 
prevent a ricochet. In the case of the cribwork mantlet the sterf 
plate was used only as a precaution against a dropping shot cutting 
through the interior upper angle of the crib. With reference to 
bullet catcners, suggested by Mr. Butler for all rifle ranges, bullet 
catchers were used in Canada with fair results with the Morris tube 
or miniature ammunition ranges, but the expense of providing them 
for large ranges would be very great. On either ranges the amount 
of lead obtained from the small bullet now used did not warrant the 
expenditure involved in their construction. 

He gives the following list of materials, with the approximate 
penetration of the Enfield bullet in each at 40 yards range, as asked 
for by Mr. R. W. Leonard: — 

Clay, 3-6 feet, according to its character. 
Earth, free from stones, (unrammed) 22 inches. 

Note. — Ramming earth reduces its resisting power. 
Sand. 18 inches. 
Soft wood, 36 inches. 
Hard wood. 22 inches. 
Wrought iron, % inch. 
Hardened steel plate, 3.16 inch. 

Mr. p. Weatherbe remarked that both standard and miniature 
ranges were being equipped throughout the Dominion by the Can- 
adian Government almost as quickly as suitable sites were dis- 
covered in localities where they would be used. The notes under dis- 
cussion described the construction of these ranges in their various 
forms, as carried out in this country up to the present time. Several 
points had been raised in discussing the subject which would be 
touched upon here. Miniature rifle ranges or galleries could Jiever 
take the place of standard ranges, as the conditions were entirely 
different with reference to light, wind, condition of the atmosphere, 
etc. Experience had shown that men might be excellent rifle shots 
in these galleries who did very poor shooting when on a full sized 
range. On the miniature range a man could be taught how to aim, 
how to hold his rifle with the sights vertical and the consequences 
of his not doing so, etc., but it would still be a long time before he 
became a practical shot in the field. Miniature ranges should, there- 
fore, be used for preliminary practice and to stimulate the interest 
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taken in rifle shooting. Moving and stationary targets were both 
excellent, but the latter should be used until a man became a fairly 
good shot before any ugeful practice could be obtained with the for- 
mer. Moving targets of various kinds certainly stimulated the in- 
terest taken in rifle shooting, and should be installed wherever pos- 
sible. Experience in Canada showed that wherever rifle ranges 
were provided the interest taken in rifle practice was great. When 
the Lee Enfield rifle was introduced there were so few rifle ranges 
In Canada which were considered safe for practice with this rifle 
that this interest had dropped to a considerable extent; in fact, 
nearly all the Government ranges had to be closed at that time until 
they were rebuilt or repaired and made safe. This work was now 
under way and almost completed except where the site itself was 
found to be unsafe, when the range was closed. The large expense 
necessary to purchase safe sites and construct safe ranges in thickly 
settled country naturally limited the number that could be equipped 
each year. The interest in rifle ranges, therefore, could not be in- 
creased as much as desired until a sufficient number of ranges were 
provided. The expense to the rifle shot was at present very little 
where ranges were provided. Rifles and free ammunition were fur- 
nished by the Government to all military and civilian rifle clubs 
under certain conditions, and the expense for markers, etc., was 
practically nothing. Three men could practice on one target at a 
time, and markers could be obtained for from 15 to 25 cents an 
afternoon. Self-registering targets for a standard range were diffi- 
cult to obtain and expensive to constmct; few, if any. that were 
practical were on the market. The standard targets and frame that 
had been adopted by the Militia Department were examined and 
reported on very favourably by a committee of the Dominion Rifie 
Association and officers of the Imperial and Canadian Military Ser- 
vice. They had given satisfaction almost without exception wherever 
used during the last four years, from British Columbia to Nova 
Scotia. The length of a range for the Lee Enfield rifle depended to a 
great extent upon the conformation of the ground. If on a plain it 
should be about two miles to ensure safety, unless a very high stop 
butt were constructed. The extreme range of the Lee Enfield rifle 
had been found to be 3,760 yards when all conditions were favourable. 
To guard against lateral ricochets the range site should increase in 
width from the firing point in the direction of the targets. A 
range in a valley with high steep ground in rear of the targets les- 
sened the danger, but it was difficult to obtain such a site. It was 
not necessary to level or grade the site for a range, although it was 
desirable. It could seldom be done at a low cost. An uneven site 
fulfilled more the conditions of active service, and could be used to 
advantage to show men how cover could be obtained in the field. 
A steel plate stop butt would be expensive £md would increase 
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the danger of ricochets and splashing back of bullets. Many of the 
new nickel-coated bullets, striking in the same place would pierce 
a steel plate, unless of an impracticable, and costly thickness. 
The marker's trench, as at present constructed, was placed as far 
below the natural ground surface as possible, consistent with good 
drainage, and gave excellent results. Targets representing men were 
used in military matches, and might be introduced more generally. 
The retaining wall, shown in the sketch, must have its founda- 
tion below the frost line, or the result would be disastrous. The 
construction followed for the last four years, was, if anything, too 
solid. There was a severe lateral strain, at the surface of the ground, 
on the target posts. It had been found necessary, therefore, to set 
the posts in concrete to prevent them becoming loose in the ground. 
There was no necessity for any extensive foundation for frames, as 
their weight was comparatively little. 



Paper No. 156. 

MASONRY DAMS AND RETAINING WALLS IN GENERAL, 
CONCRETE WORKS, ETC. 

By Chas. Baillairge M.A., F.R.S.C., M.Can.Soc. C.E. 

It must be admitted that "retaining walis" in, Canada have had 
but a poor or short-lived record; unless it be argued that their 
durability should, in the interests of the working classes, not be too 
persistent. But, as an engineer, the writer cannot admit this. 
He has been associated with the reconstruction of many of these 
walls, and has witnessed the failure of so many others as to be 
entitled to say a word on the subject. 

The City of Quebec is pre-eminently one of retaining walls; many 
of its streets on the inclined or hilly frontage of the town having 
had to be supported on the down side to level them up to neces- 
sary grade. 

These walls have almost without exception been made unduly 
thin to withstand the original pressures against them, or the stresses 
liable to obtain thereafter. 

The Des Carrieres Street wall of some 600 feet in extent, in rear 
of Dufferin Terrace, erected about 60 yearsi ago, under Government 
control, stood its own for only 30 years> and was rebuilt again 
under Government superintendence and at Government expense. 
It being then an enclosure wall of the so-called Governor's Garden 
of the period. This second edition of the structure again gave 
way to the earth pressure in rear of it, and was rebuilt or erected a 
third time within the last few years under the writer's term of 
office as City Engineer, and at the cost of the City. 

The retaining wall of the old parliament site at the head of 
Mountain Hill has during the same period of 60 years been rebuilt 
not less than twice. • 

The same fate has overtaken the Artillery Street wall, the 
Dambourges Street wall; and most of those along the north side 
of Cote d'Abraham, and other streets, have had to be rebuilt during 
the writer's time, and generally after a persistence of only 10 to 
20 years or less. 

The splendid cut stone retaining wall along Commercial Street, 
Montreal, though built hardly 50 years ago, Is and has been for 
some years back giving way. In like manner, from earth pressure 
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in the rear; and the walls of the new Louise Docks at Quebec 
have already become disgracefully out of plumb and alignment 
from the same cause. 

The impression, of course, has been in all these cases, or. was 
at the time of construction, that the several walls mentioned, hav- 
ing nothing to withstand or bear up against but the pressure of so 
much dry earth behind them, they needed not to be of a thickness or 
breadth of base greater than from one-flfth to one-third their height, 
sometimes even less than this, and as low as nine-seventh, or about 
3 ft. for a 20 ft. wall. 

The fact was overlooked that the dry earth backing might become 
waterlogged by infiltration, and especially so where no weepers 
had been provided for the removal of wet and moisture; or even 
with weepers, if the filling in their proximity was of too retentive 
or impermeable a nature, or where, in the case of weepers or no 
weepers, there had not been interposed between the back filling 
and the rear face of the wall a narrow space filled with loose 
material of a stony consistence to allow water, when reaching the 
wall, to run to the bottom thereof and thus find its way out or 
expend itself by absorption into the underlying soil. 

The writer has noticed in very many cases of such retaining 
walls and of those separating tenements on sloping ground, or 
lying back to back (the one at a higher, the other at a lower level; 
the ground embanked on the one or upper side to raise it to level of 
street on that side ; excavated on the lower side) that the per- 
colation into the embankment had absolutely waterlogged the 
filling, and thus caused it to press with the pressure of a liquid or 
fluid on the intervening wall, causing it to bulge or swell, and thus 
fail by disintegration, or give way bodily. 

Not that this waterlogging of the filling was of a permanent na- 
ture, nor need it be; but only of momentary duration, as it might 
produce a thrust forward of the wall, of only the fraction of an inch, 
thus enlarging its (the water's) containing space, and making room 
for itself to subside in, and gradually pass through the wall to 
the lower level, or evaporate or be absorbed by the subsoil. This 
waterlogging would, of course, be intermittent, and might recur 
again at every succeeding return of heavy rains, and the wall again 
be thrust forward, and each time by an additional fraotion of an 
inch, and up to final destruction or overthrow of the stony structure. 

An unmistakeable proof of this intermittent and instantaneous 
action of water, and of the fact of its thus acting during only a 
second, or fraction of a second, is still to be seen along the rea** 
face of Dufferin Terrace. Quebec, where, in an illustrated paper 
read before this Society in the early nineties, and published in 
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its Transactions, it was shown by the wrfter that an open fissure 
in the cliff in rear of the terrace had, under a persistent and heavy 
rain of several days' duration, in September, 1889, become filled with 
water, when, due to the thrust from the rear, an outward portion 
of the clifE fell forward, causing the destruction of much property and 
the loss of some 52 lives. The crevasse alluded to, thus filled with 
water to a depth of over one hundred feet, exercising a hydrostatic 
pressure which pushed the intervening rock forward by some six 
inches. 

Could this pressure have been continuous, the thrust of the clilf 
forward would also have followed suit, or been continuous, the 
aperture widening more and more till the whole cliff fell forward; 
but it was not continuous, nor could it be, for the moment the 
fissure became enlarged the water level fell, and the pressure ceas- 
ing, the motion forward stopped short at the same time. 

In addition to this action of a fluid or waterlogged substance 
against a retaining wall, there is also, in this climate, the yearly 
action of frost, -which, in expanding the back filling, as water does 
in freezing, also pushes a wall forward or towards the open, and 
though but as little as the eighth or even the sixteenth part of an 
inch at a time, results in course of years in its overthrow. 

It is therefore seen that all retaining walls are liable to become 
dam walls, which have to stand the pressure of water, and that as 
such the same rules as to strength and thickness should apply. 

Also that where ice may or might form in rear of a wall, and 
■where this ice in forming cannot spend its effort on compressible 
material towards the rear, as where such substance is solid rock 
or equivalent thereto, the whole effort is then against the wall, and, 
if repeated from year to year, the wall must go, as nothing can 
■withstand or nullify the effect of ice expansion; since, as is well 
known, if an iron shell be filled with water, hermetically plugged, 
and then exposed to frost, the shell, however thick it may be, will 
burst. In such a case the only safeguard for the retaining wall is 
to so roof in or impermeably cover the surface of the back filling 
-with asphalt, or other watertight substance, that no water can get 
at it, or penetrate the soil in rear of the wall in a way to run the 
risk of any ice forming, as said above. 

It may also be remarked here that a Mr. Bone, engineer of the 
Oregonia Bridge Co.. has recently patented and built at Columbus 
a ooncrete-steel retaining wall, a section of which is illustrated 
on page 448 of the N. Y. "Engineering* Record" for November 10, 
1900. The thickness of this wall at base is less than one-sixth Its 
lj«iglht, and a simple glance at the figure will show, without resort- 
ing to any calculation of strains or resistances, that, unless the back- 
filling be self-supporting, such a wall can not continue for any length 
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of time to stand the pressure of any ordinary back-filling against 
it without It tending to bend over oi give way. The atinening 
ribs of the iron or steel screen behind the wall are not nearly deep 
enough to act as efficient buttresses. They should for this pur- 
pose reach much further into the backing. The rod tying the base 
of screen to the foundation can have no effect in preventing It 
from tilting forward. FV)r this purpose the tie rod should, have 
been attached to screen at say two-thirds of its height, and reached 
out far back to some unyielding pile or concrete anchorage. 

The subject of retaining walls would not be complete without an 
allusion to wooden walls instead of masonry for the same purposes. 
The author in his time has had occasion to build and rebuild at 
Quebec, thousands of feet lineal of street supporting srtructupes 
et aly of this kind, along the St. Lawrence and St. Charles water 
frontages, and also along the side hills of the city. The respective 
lives of these walls may be taken at from 15 to 20 years averaga 
for spruce, and 25 to 30 years for pine timber; while the portions 
under water, and even those extending to a few feet above low 
water, may endure indefinitely as far as material is concerned; but 
these walls, even though secured by cross ties running or tailing 
deep into the back filling, or to a depth, for the upper ones, fully 
equal to height of wall or wharf, give way in course of time from 
the earth pressure and frost, and thus gradually lose their baicer 
(generally of 1 to' V/j in 12) by about a quarter or half an inch 
per annum, becoming vertical, and then begin to over-plumb. 
About the time they are decayed to an extent to require repair- 
ing or rebuilding, the over-plumb reaches such a figure that they 
are ready to topple forward — that is. their fronts or timbered fac- 
ings, which become torn away from the ties that head Into them, 
as the outer ends of these ties or portions exposed to' wind, water 
and weather also decay, thus allowing the front timbers to be 
thrust forward, whilst such portions of the ties as are buried in 
the back filling continue to endure and can outlive the outer timbers 
for years thereafter. 

On the rebuilding of the facings, shOrt ties may be thuB u§^d by 
spiking them to the remaining portions of the old ties, and when 
on a slope or side hill with tendency to slip forward, it is a good 
and even necessary precaution to bolt and, better still, to fox-bolt 
the ties to the adjoining or nearest rock, or attach them to piles 
or suitable pickets driven deeply in to the subsoil; and this pre- 
caution is none the less pertinent in dealing with stone walls, 
which may thus be made to endure for a longer term of years. 

Of course, if the back filling is of stone, more or less stratified 
and piled In a way not to have a tendency to thrust forward, or 
if the filling is of smch a clayey nature that percolations from the 
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fforface may, instead of sinking into it, run off towards the open 
and find their way through or between the face timbers, the wall 
may then endure during its natural life a^ regards decay wi<thout 
losing Its plumb or perpendicularity. 

These facts are coming to be appreciated, and it is satisfactory 
to state here that with our engineers in general (we notice it most 
in the works of the C. P. R., the Grand Trunk, and others of 
the kind where retaining walls are visible) extra thickness now pre- 
vails, and has for some years past, and precautionary measures are 
resorted to rendering all such work more permanent than heretofore. 

The recent giving way of a coffer dam at the Boston Navy yard 
is also a case in point, where the filling in was similar to a fluid 
substance, and required a thickness of wall equal to that of one 
having water to bear up against 

These failures are the best, the most instructive lessons to an 
engineer when the cause of failure can be got at or made known. 
Nothing i? to be learned from a structure of any kind which holds 
Its own or, persists, and does not give way, except that it is evi- 
dently strong enough; but it may also be too strong, ten times, a 
hundred times too strong, as of a column or pillar, or pier, or wall, 
which could bear ten times, a hundred times the weight it is called 
on to support. Now, the coffer dam alluded to was on sloping 
ground, with a consequently varying pressure of water against its 
sides, and the dam therefore made - thicker, or the clay or puddle 
enclosing space between its walls wider at one point than at an- 
other, the dam being some 6 feet in breadth at its highest or shal- 
lowest portion, or inland, while increasing to not less than 36 feet 
at a salient angle where the depth of water rendered it peitinent 
to do BO. The contractors were under the idea probably that the 
clay filling was or would be of such a nature as while watertight 
or impermeable, to stand its own, and be self-supporting, as would 
he the successive courses of masonry of a stone dam, each underly- 
ing course supporting the one above, and all those above it without 
crushing or giving way by spreading, like a plastic substance under 
a superincumbent weight. Under this idea of the non-giving naturp 
of the clay, and of its self-supporting nature, the walls enclosing 
this dam were built of superimposed timbers of only 8 inches square 
at bottom, and thinned out to 4 inch timbers at top, and to prevent 
the inbursting action of the water from without, these walls were 
braced with 8^^ x 8^^ timbers running horizontally across the dam 
from inner to outer wall thereof. The outer wall or face towards 
the sea was, moreover, braced against giving way outwardly by 
sloped struts abutting against the bottom or ground of the fore- 
ffhore, there being no danger of the structure griving on the in-shore 
side, where the ground was high and suflliclently resisting to pre- 
vent any tendency of bursting outwards on that' side. 
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The horizontal ties above alluded to (some 36 feet in length) 
do not even seem to have been supported as they should have been 
against sagging at the centre, a» the engineer in charge tells us 
that the weight of clay as dumped into the dam enclosure caused 
these tieff to sag and break; when, under the plasti<; and spreading 
nature of the filling, the outer wall for some 50 feet of its length 
was thrust forward and the clay filling ran out of it towards the 
sea. 

This example is here introduced as proof of how the most com- 
pact filling material when dumped through water and becoming 
intermixed therewith, may reduce to a semi-fluid ffubstaace, and 
exert the same pressure against its retaining walls as would so 
much water. 

This coffer dam is now being reinforced, as it should have been 
from the first, by a structure of solid wooden crib work built out- 
side of it, and of proper breadth of base with stone filling to pre- 
vent the spreading of the dam walls, and thus, as the writer holds, 
this failure of such a dam and in such a depth of wat^r as 30 feet 
must prove to be a most instructive lesson to every engineer or 
conti'actor in going over the same ground. 

Let us again here repeat the maxim that there can be nothing so 
instructive to the architectural or engineering profession as a 
failure of any kind when its why or wherefore can be arrived at. 
and the writer takes this opportunity of suggesting to the members 
of the respective professions, engineers, contractors and overseers, 
the advisability whenever it can be done, in the case of any accident 
to a dam or other structure of whatever nature, of immediately, or 
before the debris are cleared away, enquiring into the cause or 
causes of such accident, and of reporting them for the information 
of professionals in the respective lines. 

STONE OR MASONRY DAMS. 

The author has for years past contended, and sees no reason as 
yet to be of a different opinion, that stone dams should at every 
point of their height be at least as thick as the height or depth 
of water above that point, including overflow, which means In other 
words, that the weight of masonry of the whole dam or above a 
horizontal plane at any portion of its height — stone masonry being 
assumed as of twice the weight of water — should be twice that of 
the pressure or weight of water above such level. This, of course, 
refers to a dam built in horizontal courses of masonry. 

If the virtue or binding qualities of the cementing material could 
persist for all time, or for so many years as the dam were expected 
or called on to endure, this thickness of dam would not be advo- 
cated; but that it does not persist beyond an indefinite number 



Masonry Dams and Retaining Walls in General. 65 

of years, was shown some few years ago by the failure of the 
Bouzey Dam in France, when some 232 lives were lost by the 
rush of water through the gap in the dam; and that it may not 
«ven persist for a single year, by the failure of the Austin Dam, 
so-called, or, in fact, that, as in that case, the cementing material 
between the courses' was possessed of no adhesive quality whatever 
in the way of making a monolith of the whole structure. 

Then, if the cement can not be relied on to bind the structure 
into an indestructible whole, nothing remains to stand the pressure 
of the water tending to push the dam forward, but the weight of 
the structure and its oo-efficient of friction of stone on stone or 
masonry on masonry. This co-efficient is known to be but .5, 
tiMHigh given as .7 to start a fiton^e from a state of repose, which it is 
evidently not prudent to rely on, as shown by the accidents alluded 
to at Bouzey, Austin and elsewhere. Portions of each of these 
dams were moved bodily forward or down stream, without being 
either overthrown or disintegrated. An endeavour has been made 
to show that the toe of the Austin Dana was undermined, but this 
only corroborates the writer's views, as proved by the fact that 
when there was no more resistance at the toe to stand the thrust, 
the only remaining opposition to the dam moving forward was its 
adhesion to its foundation, and its weight. And yet, in spite of 
such presumable adhesion, and in spite of its frictional resistance, 
it was thrust completely forward, and to a considerable distance 
down stream. 

What other conclusions, then, can be arrived at than that it 
was deficient in weight and therefore in thickness to such an 
extent as not even to develop an amount of friction capable 
of causing it to hold its own, or to resist the tendency of the water 
to push it forward, which it must have done had its weight under 
a co-efficient of 0.5 been at least twice that of the impounded water, 
or pressure due to weight or depth of water. 

The conclusion to be arrived at is, therefore, inevitable, the author 
takes it, that for horizontally coursed masonry, where the cementing 
material has ceased to be binding, and where nothing is left to 
resist its being thrust forward but its co-efficient of friction 0.5, 
its weight should be twice that of the total pressure tending to 
move it forward, or, in other words, it should be (taking its weight 
as already set forth at twice the weight of the water, or say 125 
pounds to the cubic foot) of a breadth of base at bottom level of 
reservoir or of impounded water equal to the height or depth not 
only of the water so impounded, but of the upper surface of the 
water when over-topping the dam— by whatever number of feet 
so over-topping it (11 to 12 feet in the case of the failure at Austin) 
or with an overflow of that number of feet above the crest of dam. 
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The theoretical section of dam would thus be that of a triangle, 
or in the case of no orerflow the crest of dam would be a mere 
edge or arris, or of a width at top equal to the height of over- 
flow, but in practice this upper edge is thickened out for practical 
considerations to at least a or 4 feet, to allow of heavy and resist- 
ing coping stones, and as a pathway for foot passengers across tbe 
dam, while It may and generally is extended out to such a number 
of feet (8 to 10 feet) as will allow of a wheeled vehicle passing 
orer it with room on one side to meet a foot passenger on the 
way, and this extra thickness at top is brought about by gradually 
curving out and up the down face of the dam in a way to give the 
required width aXi top. 

A dam when intended to answer as a pathway or road from one 
bank of a river to the other, should, of course, be provided with 
a spill-way or freshet water pass, though, in the case of ths 12 ft. 
depth of overflow at the Austin, no reasonable size of spill-way could 
have been devised, no system of pipes and gates from the bottom 
which could have even commenced to deal with such an excess oi 
water, and as such an eventuality may happen in the future, which 
may not have happened for a quarter or even half a century, as 
at Galveston, it is better to be on the safe side and in proportioning 
the dam allow for a possible overflow of such a number of feet a3 
circumfiTtance.^ may render possible even if not probable; since the 
difference in cost can thereby be only slightly enhanced, which is 
absolutely as nothing beside the tei-rible disaster of loss of life and 
of having to expend hundreds of thousands of dollars to rebuild 
a dam, and during an interval of months or even years leaving a 
whole town or village or a city in total darkness and without pcwer 
to drive its electric cars, or to work any of its public or private 
machinery or industries. 

The foundation of a dam should of course be dug down to a solid 
and impermeable substratum, and this, stepped up and down u 
allow of the masonry or concrete interlocking in a way that there 
may never arise the eventuality of such a structure sliding for- 
wards on its base or bottom. 

What precedes, as already stated, relates only to horizontally cours- 
ed masonry dams, and where material is at hand to give the dam its 
required weight and thickness ; but when material is scarce or 
expensive, the want or deflcien<iy can be made up for or compen- 
sated in either of two ways, to wit: by throwing the courses up 
from a hcnizontal position on the up dam side to an inclined one 
on the down side, say by tilting up the beds or courses in a way 
to have them normal or perpendicular, or more or less so, to the 
outer slope or apron of the dam. By this system a much lesser 
thickness of dam wall can be made to answer; the tendency of 
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the dfon to go forward being in such case resiflted not only hy the 
force or weight necessary to overcome the friction of stone on 
fftcme, or of masonry on masonry, but, in addition to that, the force 
required in pushing the structure forward to raise it along an in- 
clined plane and under favorable circumstances; a dam thus con- 
structed might possibly be mad& of only half or two-thirds the 
thickness advocated for horizontally coursed masonry. 

The other mode of constructing, to avoid thickness, is or would 
be that of the Eddlstone Lighthouse in the British Channel be- 
tween France ajid England, that is, by dovetailing and interlocking 
all the component stones of the structure, and that, of course, not 
only horizontally, but also vertically, and the lower foundation 
courses thus also vertically into recesses cut purposely in the solid 
rock, or again, may be, by fox-bolting every course, the one to the 
other, and the whole to the rock foundation. 

This salient feature in the erection of masonry dams is, the 
author is glad to notice, coming to be recognized, and his advocacy 
of breadth of base equal to height is taking hold of the engineering 
mind, as at Massachusetts, Jersey City, Denver, etc. The dam of our 
Quebec Impounding Reservoir at Lorette or St. Ambroise. and 
stretching for 200 feet in length across the river St. Charles, was 
built by Mr. G. Baldwin of Boston, a very safe and cautious engin- 
eer, and moreover fifty years ago, of a thickness not only equal to 
tbe height or depth of water impounded, but, as if by intuition, to 
such a further thickness or breadth of base as to allow for an over- 
flow of some three feet; and on more than one occasion since 1851> 
when the dam was put in, the overflow has quite or nearly reached 
this flgure, though ordinary spring freshets cause the water to over- 
top the crest of dam by only two feet or less, and even this does not 
happen every year, the normal overflow varying from an inch or 
two to eight or ten. 

CX>NORBTE DAMS. 

The profession has now taken to the building of dams of concrete 
instead of masonry. We now have in the Province of Quebec at 
l«ast some five dams so constructed; one at Chambly, one at La- 
chine, one across the Jacques Cartier River, one across the Mont- 
morency, and one Just completed across the Chaudiere, a few miles 
west of Quebec. Mr. Stearns, of the Chaudiere works, is a specialist 
at concrete structures, having built entirely of concrete an arched 
bridge of some 30 feet span, and other structures. This gentleman is 
of opinion that concrete dams, on account of their thus monolithic 
uature, are, and will prove to be stronger or more resisting than 
dams of stone masouTy, and what is of great importance, that they 
can be built for half the cost of dams of masonry, which would 
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wem to be the case when it to considered that the dam across the 
Chaudlere river, which is 850 feet in length, 23 feet broad at base, 
20 feet 3 inches high above bed of river, and thus as thick aff it U 
high, costs but 1200,000.00, with all the- adjuncte of a spill-way, 
an enclosure of double the height for the three penstocks to draw 
from, each of them over 8 feet in diameter, running out and down 
the face of cliff as at Niagara, in a way to give a head of 110 feet 
at the turbines, the cost of which, and of the power house and rock 
excavated tail race are all included in the above sum of less thani 
a quarter of a miUion of dollars, while intended, as they are, to 
supply Levis, St. Romuald and adjoining parishes with electric 
light and power plant to drive electric cars. 

It has Just, been said that the Chaudlere dam carries out the 
author's theory of breadth of base equal to hedght or depth of water 
impounded, and allowing for overflow, while at Lachine and Cham- 
bly, at Jacques Cartier and Montmorency, the breadth of base is 
fully equal to and even in excess of depth water held b&ck. 

Referring again to the Massachusetts dam over the Nashut at 
Clinton, 36 miles from Boston, which is to impound 63,000 millioa 
gallons of water (the greatest reservoir in the world after that of 
Perlgar in India, and only less in height than the great Crotan dam 
now under construction for the New York Water System), its length 
bedng aibout 1,400 feet, and height at centre 200 feet; this dam, 
which at first sight appears of less thickness than that advocated 
by the writer, is in reality found to be of such equality, whea 
allowing for its great thickness at top, and its height. 20 feet above 
level of water in dam; that is, it g^ives tJtie requisite weight duly 
to resist any tendency to thrust it forward, and, moreover, two of 
its features are those already alluded to, it being specified by Mr. 
Stearns that courses of masonry shall rise toward the downward 
face of the dam by one in four (1 in 4), while the contract also 
requires that the making of horizontal beds of masonry shall be 
avoided, but that on the contrary the beds shall be stepped, and 
that in each underljring bed there shall be stones projecting in a 
way to become incorporated in the next course above. 

The greatest precautions have been taken in this case to guard 
against failure on account of the numerous and populous commu- 
nities below the dam, and the important manufacturing interests 
centering there — for instance, some 875 borings have been made to 
an average depth of 20 feet, aggregating 16,905 feet lin.— the rock 
has been drilled to reveal ifts nature or geological features, as well 
as its position, in 38 places, giving together a depth of 2,489 feet, 
one hole being as much as 286 feet deep. 

The contractors, as a prudential feature, are to stop short with 
the blasting before they reach the actual depth at which tue 
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masonry Is to be started, and the remainder of the rock thence re- 
moved by barring and wedging, so as not to disturb the underlying 
beds or strata in a way which, by causing them to become ioose» 
might possibly be creative of leaks beneath the dam. The prospect- 
ing lias been more thorough here than ever before in works of like, 
nature. This drilling led to some heretofore unexpected features in 
the strata, such as finding beds or pockets of gravel beneath the 
sollcl rock or granite. 

The same thing, however, was met with in the case of the dry. 
dock at Levis, opposite Quebec City. Under a stratum of hard pan 
there was found a bed of sand of considerable thickness, sueh that 
the entrance to the dam had to be moved in, and the dam thus 
shortened by some 65 ft., requiring an expenditure of $118,000 for a 
coffer dajn — all this and the curtailmenit due to not drilling dowm 
or boring some distance into the apparent rock bottom, which 
would have revealed the fact, and saved the large expenditure. 
This graving dock Is no»w being lengthened from the rear end^ 
and, in fact, now-a-days harlaore are bein^ dug, a^ at New York at 
presemt, to a depth of 40 feet, in view of the ocean liners of the 
future drawing 37% ft. of water (the difference, of course, to allow 
for "arweir* of ocean), while docks are 'being made 1,000 feet in 
length, preparatory to that length of vessel being obtained early 
duiun<g the forthcoming century, to commence on the first of Janu- 
ary next (1901). 

Another extensive dam now under construction, as mentioned in 
the New York "EJngineering Record" of October ISth, page 349, is 
that for the Denver W. W. It is being built across the so-called 
"Goose Creek GJorge"; its height of impounded water is to be some 
200 feet. This dam, it is true, is but 168 feet base, but the upp^r 
base or summit has a breadth of not less than 28 feet, increasing 
the base of the theoretical triangular section to 196 feet, which is 
nearly the depth of water to be impounded, while the additional 
height of dam more than makes up the difference in weight required 
to stand the thrust. 

A 3,400 feet dam is also being built some 70 feet high at Boonton 
for the Jersey City Water Works. In writing to a New York en- 
gineering paper on this subject of dams, the author say?, 
and the same thing may be repeated here : — "Is it not 
" strange that, while we are so particular in recommending 
"a factor of safety of from 3 to 5 in bridges and other structural 
" Iron work, etc., and of as much as from 5 to 10 in structures 
" where disintegration is possible under heavy loads and the effects 
" of weather, wear and tear, we have been in the habit of constantly 
" neglecting any factor of safety at all, so to say, in the erection 
** of such stnictures as dams, where failure must and almost always 
" does lead to dire loss of life and property." 
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Nor need it be said here that Mr. Stearns has no doubt adopUd 
the far more prudent system of not only gdving the dam its proper 
cross section of weight equal to more than double that of the 
water impounded, as here advocated, but that in requiring in addi- 
tion to that, that the beds be tilted, and the courses made pur- 
posely non-continuous and stepped, while introducing stones verti- 
cally binding the courses, the one to the other, as an additional pre- 
caution against any portion of the dam having a tendency to slip for- 
ward over the courses belo^, he is doing nothing more than intro- 
ducing, for the first time perhaps, a proper factor of surety, a pru- 
dential and really essential one. 

The power works above alluded to, have all developed within 
the last five years, and so has the "St. Lawrence Power Works" at 
Massena, where the dam has an extent of over 700 feet. These 
works are remarkable as outstripping those at Niagara, where, 
under a head of 150 feet and turbines mounted on vertical shafts, 
the power developed to date, and though comparatively colossal, is 
but 50,000 H. P , while at Massena, instead of ten 5,000 H. P. tur- 
bines, or sets of turbines and Westinghouse generators, the number 
thereof is to be 15, giving 75,000 H.P. with a capacity In the canal 
or head race of double that figure, or 150,000 H. P. Massena, it may 
be said, is on the American side, and at the head of the " Long 
Sault" rapids, the canal or head race being some 16,200 feet in 
length, with 6,000,000 cubic yards of excavation, now all but com- 
pleted. The fall is 50 feet, and available head 40 feet, but the sup- 
ply of water much greater than that which, from the same source, 
has been made available at Niagara, since the whole flow of the 
St. Lawrence or drainage from the upper lakes runs through the 
Niagara river to Lake Ontario, the delivery over the falls being 
18,000,000 cubic feet per minute. To utilize the araiUible head the 
turbines at Mascpena are mounted on horizontal shafts, and deliver 
into a small river, the Gras»e, which thus answers as a tall-race 
for the outflow — though it still remains to be seen whether, as 
with the so-called drainage works at Chicago, there may not aric< 
intematio»nal difficulties incident on one nation robbing the other 
of so much water, which, instead of being returned to the St. 
Lawrence direct, goes off on a side issue; in one case from Chicago 
to the Gulf of Mexico; in the other, from Massena, as already 
stated to the Grasse river at a distance of 3 miles or more from 
the St. Lawrence, while such action may also be fruitful of local 
complications by flooding the Illinois on the one hand and the 
Grasse river on the other. 

But with this question we have not here to deal, and it is only 
introduced as a reminder to engineers that such river diversions, 
even if only partial, may give rise to suits at law, when the engineer 
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may be taken to task for not having foreseen the trouble and ad- 
i^sed his patrons thereof. 

CURVED OR BOWED DAMS. 

There is another class of dams where thickness is or may be 
Iiartly compensated for by bending the dam up stream into a bo-w- 
on the principle of a lock-gate of a canal. Such a dam occurs at 
Parsone, Kansas, where a masonry dam of 100 feet reach has been 
made convex up stream and to a radius of 200 feet. This dam 
is but 10 feet high, with a base of 6 feet; but as it is 2 feet thick 
at top, if a line be drawn through its vertical section from its outer 
edge at base to its inner edge at top, and the triangle thus cut oft 
turned upside down and applied, thus increasing the base by 2 
feet, the base will then be within 20 per cent, of being equal to 
the height, and the arched feature may be taken to make up in 
resisting strength for the want of sufficient base to conform to tho 
writer's theory of "base of dam equal to height or depth of water, 
including overflow, if any." 

As to this practice of arching a dam horizontally or in plan, Mr. 
Man«ergh, Preeident of the Institution of Civil E}ngineers, England, 
ill hie presidential address of November the 6th, says:— "In 1878 I 
built a small dam on the River Wyre . . . about 57 feet high 
above the river, across a narrow gorge, where I could give the wall 
a curve in plan of only 100 feet radius. In such a situation the 
structure could obviously be made much lighter than say the Rankin 
type section for a long straight wall," which corroborates what 
I have just said of thus adding strength and resistance to a dam 
wall by throwing it into a bend up stream, and thus saving thiick- 
ness and weight of masonry. 

Mr. Mansergh also strengthens the writer's position on the in- 
advisability of horizontally coursed masonry in a dam, and the 
necessity of binding the masonry vertically. In an address he 
says, alluding to the new Crotan Dam. which is not erected as at 
first intended, at Quaker's Bridge, but two miles further up the 
valley: "I have just received some photographs of this work, which 
" represent the wall as being built in horizontal courses of roughly 
" squared stones, a method which I do not approve. What we 
" want in such a wall is ample weight, and good vertical binding, 
"and this can be secured by building in stones of from two tons to 
"six tone in weight, practically as they come from the quarry, 
" and surrounding them with smaller stones and good concrete well 
" rammed in so as not to leave any Interstices." 

He then goes on to say, alluding to dams which he is now build- 
ing across the Elan River: "We are getting, in the Elan walls, 
" say nearly 50 per cent, of solid blocks, and the whole structure 
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"will weigh, when complete, 157 to 160 lbs. per cubic foot, and will 
"practically be monolithic." 

And finally, if it be argued that the writer, In assuming sitanS 
masonry to be only of double the weight of water, while it is in 
reality about 20 per cent, heavier, and that he is thus going be- 
yond his own theory of weight of dam equal to twice that of water 
impounded, he can only urge hie theory as rendering assurance 
doubly sure by thus further increasing t(he factor of safety. 

This subject of dam builddng is becoming one of vast importance, 
as all the water powers of the country are being taken hold of for 
power purposes, or for water works, which are also power problems 
w^hereby water may be forced up to a given level without the coat 
of pumping, and as no one but an engineer can cope with such 
problems as the harnessing of the rivers of the world to give 
power to mankind— the truth of the writer's motto, "The Engineer 
the master spirit of the age," heading an article of his which ap- 
peared in the "Canadian Engineer" of Ju'ly and October Last, and 
reproduced at page 293 of the London "Engineering Times" for 
September last, is indisputable — for as he truly says in his last 
paragraph under the above heading: 

" There is, however, another and more summary way of judging 
"of the merits and qualifications of an engineer in comparison to 
"those of persons exercising other callings. It is this: of an 
" engineer or almost any other man of common sense, you can 
" make an alderman, a mayor, a premier, a president, a king. 
" or a Kruger; and this at, so to say, a moment's notice; but ot 
" none of these can you make an engineer without yeavs of study. 
" practice and the keenest of obs-ervation." 



CORRESPONDENCE. 

Mb. F. p. Steabnb remarked that the author, in the portion of his 
paper relating to concrete dams, quoted with a degree of approval 
the views of another gentleman, "that concrete dams, on account of 
their monolithic nature, are and will prove to be stronger and more 
resisting than dams of stone masonry, and, what is of great import- 
ance, that they can he huilt for the half of the cost of dams of 
masonry." In some situations this statement might be correct, but 
he cannot endorse the statement as a general one. The Wachusett 
Dam, over the Nashua River at Clinton, which had been referred to 
in the paper had been recently let, and the price bid by the succssful 
contractors for the granite rubble stone masonry, of which nearly 
the whole of the dam was composed, was |3.80 per cubic yard, the 
masonry to be laid in natural cement mortar mixed in the propor- 
tion of 2 parts of sand and 1 part of cement. The same contractor 
bid $4.35 per cubic yard for concrete masonry of natural cement 
mixed in the proportion of 1 part of cement, 2 parts of sand and 6 
parts of broken stone. The price for concrete would, undoubtedly, 
be considerably lower if the whole dam were to be built of it, but 
he did not think the price would be much, if any, lower than that 
bid for the rubble stone masonry. In this case the granite for the 
masonry would be obtained from a quarry 1^ miles from the dam. 
He cited this case to show that under some circumstances dams 
of concrete may cost nearly, if not fully, as much as dams of stone 
masonry. Concrete structures were not as strongly bonded as 
those built of rubble masonry made of large stones, and when built 
of considerable length in warm weather had contracted and 
cracked in cold weather. Such cracking rarely occurred within his 
experience, in well built rubble masonry. It was claimed that con- 
crete dams, on account of their monolithic nature, had an advan- 
tage over stone dams. With regard to this point, it might be said 
that rubble masonry, when built In a great mass, as in the case of 
vei7 large' dams, was composed of stones so small in proportion to 
the whole mass that the masonry could be considered as practically 
monolithic. This was the view taken by Mr. Mansergh with regard 
to the dams which he was now building across the Elan River, 
where as stated in the quotation in the latter part of the Author's 
paper, he remarked that the whole structure "will practically be 
monolithic " 

Mb. Mohui? observed that he had lately had occasion to design 
some concrete sluices in dykes, the walls of which were practically 
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retaining walls in pairs connected at the base by a concrete Invert. 
The base of the wall reduced to the theoretical triangle equalled four- 
ninths the height. In this case, owing to the invert, they could not 
slide on the foundation. The backing was of approved material 
placed in thin layers, well rammed, and was Impermeable. They 
were further reinforced by collar walls to act as cut-ofts, and not 
with any idea of adding to their stability. He had always undei> 
stood that drainage was considered essential to the stability of re- 
taining walls for earth unless the backing was of an Impermeable 
character. In the case of Quebec, the Author depicted an unfortunate 
state of affairs. Ignorant of the locality, he was under the impres- 
sion that Quebec was a city of terraces, tier above tier, and won- 
dered if it were possible that the lower retaining walls were sur- 
charged. With regard to the thrust due to the expansion of ice. it 
appeared to him that the frost counld hardly penetrate downwards 
more than a few feet from the surface, and that the strain would 
be confined to those few feet at the top of the walls. He thought 
it possible that the author could state through what thickness of 
masonry such frost, as was encountered in Quebec, would penetrate 
and affect the backing, assuming it to be in a semi-fluid condition. 
He made this remark with some dlflldence, having no personal ex- 
perience in the matter. He also failed to follow the author's de- 
duction that ill the case of the Austin Dam, "the cementing materi- 
al between the courses was possessed of an adhesive quality," as, 
surely, if this were correct, instead of huge masses of the dam be- 
ing torn from thin foundations and hurled bodily down -stream, 
as shewn In the photographs, the dam would have fallen In a heap 
of debris carried various distances by the current. The result ap- 
peared to prove that the weak point there was the connection with 
the foundation. At the same time, had that been good, it was not 
proved that the dam had sufficient stability to withstand the enor- 
mous additional strain suggested by Mr. Williams, In the "Engin- 
eering Record" of the 28th April, who drew attention to experiments 
made in the Cornell Hydraulic Laboratory, and, as their result, 
suggested that the pressure at the foot of the dam might have been 
increased by 40 per cent, owing to a partial vacuum being found 
behind the falling sheet. This was, at least to him, a new destruc- 
tive agency to be taken into consideration, though It seemed 
that air might be easily supplied through pipes discharging it at 
that part of the face at which a vacuum would otherwise be formed. 
Taking masonry at 150 lbs. per cubic foot, the approximate 
weight of the Austin Dam as built, would be about 330,000 lbs. per 
lineal foot, and by the author's contention it should have been 
448,000 lbs., or fully one-third more. It was probable that, with Uie 
result in our minds, we should be inclined to agree with him. 
Again, the "Engineering Record," of the 26th May, in an able article, 
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pointed out the V disastrous results which might follow if the bond 
with the foundation were deficient, not necessarily throughout, but 
at any point The accompanying sketch was an approximate cross 
section of the Austin Dam, and it might be noted that two of the 
cross walls shewn on the sketch, but which two the deponent know- 
eth not, were omitted in construction, and their omission would 
naturally tend to facilitate the entrance of water beneath the dam. 



,fwO0O Lcvtib 




With Mr. Stearns he is fully in accord as to the substitution of con- 
crete for masonry when practicable, having for many years used it 
with satisfactory results, and it is believed that it is far easier and 
less costly to render a concrete structure monolithic than a masonry 
one. He has also found that first-class concrete weighs from 140 to 
143 lbs. per cubic foot, and, in estimating, assumes it at the former. 
Recent dam failures appear to point to the necessity of making 
a dam monolithic, not only in its -own constituent parts, but also 
with the foundations and abutments; also waste weirs were to be 
avoided in dams if possible, otherwise additional precautions should 
be taken, which would be needless in an impounding wall never 
overflowed. With regard to the adaptation of the arch to the con- 
struction of dams, there seemed to be no reasonable doubt that, if 
really constructed on the two principles of the arch, a greater resist- 
ance would be the result than with straight walls of the same areas 
of cross section. But to achieve this result it appeared to him that 
tlie dam should be absolutely monolithic, or provided with voussois 
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as in a stone arch, otherwise we might as well expect to obtain in- 
creased resistance in an earth dam by making it convex up stream. 
In his opinion, the author's suggestion as to dams was one calcul- 
ated to render them safe. As was well pointed out in the paper, the 
new century would doubtless see many a mountain torrent and 
stream curbed with these erections, the failure of which would cause 
incalculable loss of life and money. With regard to retaining walls 
the case was somewhat different, depending upon varying conditions 
which should be' taken into consideration when designing. He fail- 
ed to see that any one hard and fast rule could be laid down as ap- 
plicable to the various classes of backing in different climates, but 
thought that each case should be considered from the standpoint of 
the conditions governing it 

The Author, in reply, fully concurred in the remarks of 
Messrs. Stearns and Mohun. He wished, however, to state that he 
did not intend to give any measure of approval to the assertion of 
the engineers in charge of the dam at Chaudiere, that concrete cost 
one half the price of stone masonry. As a matter of fact, he 
doubted the accuracy of the statement; but, on the other hand, it 
appeared to him that |3.80 per yard was not an adequate rate for 
stone masonry, especially when built of such heavy stone as that 
which should be used for a dam. Referring to Mr. Mohun's ques- 
tion as to the depth to which frost would penetrate, he had seen It 
in waterwork trenches near Quebec as deep as seven feet. This 
might not, however, have been due to actual penetration downwards 
from the surface, but have been induced by currents of cold air fol- 
lowing the pipes from their outlet, through loose stone-filling around 
them. While the water-pressure against a wall must be considered 
as being more forcible at the centre of pressure, the pressure due to 
expansion of the backing owing to congelation of the case of a mo- 
nolithic wall must be considered as acting at near its top, thus caus- 
ing it to lean over bodily. 



Thursday, 17th January. 

Db. H. T. Bovey, President, in the Chair. 

Messrs. E. A. Rhys-Roberts, R. M. Hannaford, H. B. Stuart, J. 
I>. Mackerras and A. E. Smalll, having been appointed scrutineers 
of the ballot for the election of members, reported the following 
elected:—- 

Membeb. 
a. w. robtnson. 

Associate Membeb. 
c. h. mobitz. 

Associate. 
A. Chausse. 

Transferred from the class of Associate Member to the class of 
:M ember: — 

A. R. Davis. 

Transferred from the class of student to the class of Associate 
Member: — 

F. L. Jebuyn, W. M. Macphail, J. Rankin, Jb. 

Student. 
J. Sylvian. 



ABSTRACT. 

THE OZONIZATION OF WATER. 

By George A. Soper, Ph.D., New York. 

(Abstract from New England W. W. Association Proc.) 

Ozonlzatlon of water consists briefly in bringing about a thorough 
mixture of the water to be purified and a quantity of atmospheric 
air, which haa been ozonized. 

Ozone is ah allotropic form of oxygen (Chemical formula 03). 
Oxygen in this form posseses great chemical activity, so that, 
-when brought Int^ contact with water containing organic matter, 
the latter is rapidly oxidized. 

The best method of producing ozone is to cause what is called a 
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silent or brush discharge of an electrical current, of high potential 
but small volume, to pass across a space containing air, the result 
being that a small portion of the oxygen of this air Is converted 
Into ozone. 

The use of ozone in water pufrificatiou was first suggested by 
BVolich, an engineer of the German firm of Siemens & Halsk^, in 
a paper read in ISdl, describing some experiments on the produc- 
tion of ozone In large quantities. He stated that the ettect of 
ozone on impure water was to mineralize the organic impurities, 
precipitate iron when present, and lastly to render the wateo* com- 
pletely sterile. Beyond expressing this opinion, he made no eftort 
to establish the usefulness of the process. 

The question was then investigated by Chlmliller for the German 
Imperial Board of Health, with a small experimental plant He 
found that he could easiiy sterilize water rich in bacteria, but only 
when it contained a small amoun^t of matter in suspension. 

The first attempt to utilize the method on a practical scale was 
made by Baron Henry Tindal, of Amsterdam, with a plant of 7,500 
gallons daily capacity, whioh was built at Gudehoorn, in Holland, tn 
1895. Water from the Gld Rhine, polluted with factory waste, sew- 
age, and farm drainage, was treated; and no difficulty was found 
in sterilizing it after it had been first filtered. As reported by Dr. Van 
Ermengem to the Belgian Government, both the high color and 
unpleasant odor were considerably reduced, and the chemical quali- 
ties as indicated by the permanganate figure were improved 50 per 
cent. Finally, after treatment, this water had a good appearance, 
was free from taste, and was pronounced to be in all respects ex- 
cellent for drinking puTX>oses. 

During the progress of these experiments the ozonizing apparatus 
need by Frolich and Ghlmiiller, which would only permit of electric 
potentials of 4,000 volts, was improved so as to be capable of using 
currents of 50,000 volts. The air to be ozonized was first filtered, 
then dried and chilled. Sterilization of the water was effected 
either by spraying or by bubbling. The former gave a more in- 
timate contact, but of shorter duration than the latter, which was 
al0o the meet economical. 

In 1896, at the Hygienic Exhibition in Paris, Badron Tindal in- 
stalled an experimental plant of 30,000 gallons diaily capacity (24 
hours). Power was taken from the electric light circuit of the 
exhibition to operate a small dynamo, whose current was transform- 
ed for use 50,000 volts. The same type of apparatus was used as 
in Gudshoom. The ozonlzers consisted of five glass-lined rectangular 
boxes 10-ln. x 14-ln. x 23-in. Suspended from the cover of each were 
packages of platinum foil sheets, whose edges were separated from 
the walls of the boxes by a space of about 3-16 inch. On the glass 
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wails opposite the platinum sheets were fastened thiu gold piates. 
The gold was grounded and the platinum was connected with the 
electric transformers through glycerine resistance cells placed above 
the boxes. Air passed through the boxes and became ozonized by 
contact with the electric flames which played between the platinum 
and gold. 

The sterilizing apparatus consisted of upright cylinders through 
which water and ozone were pumped, passing from bottom upward, 
and escaping together at the top. 

Filtered Seine water was used. The chemical effects of the treat- 
ment were, as reported by Dr. Repin, — chlorine not changed, nitrates 
reduced slightly, partial precipitation of the carbonates of lime and 
magnesia and sulphate of lime. Color, odor and taste improyed, 
No bacteriological report. 

it was stated that water containing not more organic matter ttian 
ifi represented by 0.4 parts permanganate per 100,000 could be 
purified with an expenditure of eneorgy equivalent to 1 H.P. j^t 1,500 
gallons (per 24 hours probably). 

A third trial plant of 100,000 gallons, daily capacity, was erected 
by Tindal in 1897, at the Brussels Exhibition. The water from the 
Brussels filter galleries was easily sterilized, as was also pointed 
canal waters after having been first filtered. The cost was estim- 
ated as about |9.00 per million gallons of water not containing more 
than ten parts of organic matter per 100,000. 

There are at the piresent time two munjicipal o«>nization planta 
in Europe, the first of wliioh was built In^ 1898 at Blankehl)erg, on 
the Belgian coast, to sterilize 500,000 gallons per day of canal 
water, which has to be first filtered. 

The essential features laf this plant are similar to those just de- 
scribed. The three steirilizers are each 30 feet high and 3 feet in 
diameter, and consist of glaze-lined fianiged Iron pLpe in 3 feet 
lengths. At each joint is a screen, consisting of a plate of celluloid 
pierced with small holes, 126 to the square inch, the object being 
to thoroughly mix water and air. About 2 H.P. is required for the 
ozonization of the air. 

The second municipal plant, and the largest yet built, is situated 
at Saint Maur-les-Poeefis, near Paris. Their capacity is 3,170,000 
gallons per day, and the water treated is Uhat of the Mame after 
being subjected to sand filtration. 

The water after treatment is bright and clear, and without odor 
or taste. Sterilization is almost complete. 

The cost of the ozone treatment after filtration Is given in some 
detail as follows: — 
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Energy required for ozonizer 3.0 H.P. 

air pump 1.5 

" " water pump 12.0 

Total energy 16.5 H.P. 

Cost per day at 2 eta per H.P. per hour |7.90 

Other daily expenses are: — 

Salaries of three men at |200 pea: month 6.66 

Interest charge of 3V-» per cent, upon |20,000 (cost of plant) 1.94 

Interest chairge of 4 per cent, upon 120,000 (depreciation) 2.22 

Total 110.82 

Total cost of ozonizing 3,170,000 gallons of water per 24 

hours $18.72 

Cost per million gallons 5.90 

Experiments upon the purifying action of ozone alone, and ozone 
in connection with metallic iron, have been recently made by Dr. 
Weyl in Germany. The results seem to be due partly to ozonization 
and partly to coagulation. 

Dr. Soper (wbo has him9elf made a lon^ series of experiments oo 
the ozone method of purifying water) states that eome of his ex- 
periments h€ui as much reference to a reduction in color and odor 
in water as to its sterilization, the germicidal capabilities seeming 
to have been already proved beyond a doubt He treated Croton 
water, and distilled water, in which various colors and odors were 
produced artificially. With Croton water it was possible to reduce 
the bacteria 74.8 per cent., the permanganate figure 12.5 per cent.^ 
the color 36.1 per cent., and the odor entirely, by passing osoonised 
air containing 0.3 per cent, of ozone for fourteen minutes through it 

The glaze lining for the pipes, etc., is necessary on account of the 
corrosive action of ozone. It cantnot be stored on account of Its 
instability. A thorough contact of water and ozone is of prime im- 
portance. It attacks the easily oxidizaible matter first, hence its 
action upon bacteria is modified by the presence of less resistant 
substances. Bacteria associated wltih little masses of solid matter 
in water are ddfflcult to destroy. 

Taking the ooet of ozondzation at 16.00 per million gallons, and 
$10.00 per million for filtration, the total cost per million galions 
for the double treatment will be 116.00. 

The author considers that there lies open for this process a pro- 
mising field in water purification,— e. g., with iron in the case of 
turbid water, in the removal of color, odor, etc. CJareftfl experi- 
mental study Is necessary in order to determine the conditions 
upon which ozonization can be most effectively and economically 
applied. 

R. S. L. 



; DISCUSSION. 

Mb. Mabceau remarked that when Mr. Lea gave his valuable 
paper, on the purification of water, last year, he made some remarks 
on a new process of sterilization invented by Messrs. Henri and 
Albert Berg6, of the University of Brussels and stated at the time 
that he had written the above gentlemen for fuller details of the 
system. He, some time ago, received from them four pamphlets U- 
tmstrating their method and containing various analyses of differ- 
ent waters treated by it. He had made an abstract of these pam- 
phlets which he wished to communicate to the Society. 

The chemical reagent used was chlorine bi-oxide CL02, which 
was most easily prepared by decomposing chlorate of potassium 
through the agency of sulphuric acid at an average temperature of 
15° Centigrade, the formula of the reaction being 

3 CLO" K+ 2 Sa H^ = CLO" K ^- 2. 80" //AT-h 2 CLO' +H& 

It was claimed that this chlorine bi-oxide, which had a decidedly 
destroying effect on all bacterial forms of life, was absolutely in- 
nocuous so far as man, animals and plants were concerned. A very 
small quantity of it was required to perfectly sterilize even waters 
heavily charged with organic matter and bacteria; the cost of 
sterilizing a cubic meter of water^ Mr. Bergfi assured, being as 
low as 14 of a centime or even 1-10 of a centime. A cubic meter 
being equal to 2,200 gallons, an expenditure of 25 francs, or |5.00 
per diem would purify Montreal's water supply. 

As he remarked last year, this was almost too good to be true, 
and there must be a hitch some place in the working of the pro- 
cess, otherwise it would now be almost universally used as it had 
been given to the public two years ago. 

It was also stated that waters containing a large proportion of 
suspended matter should be filtrated before being treated by the 
peroxide, as otherwise the energy of the oxidizing agent was partly 
spent on destroying these substances and did not produce its full 
effect on the germs which were to be destroyed. 

The above were the claims of the inventors of the system. Let 
us see how they were confirmed by analysis. 

The City of Ostend, Belgium, had had a series of experiments 
made to ascertain whether the Berg© process was applicable on 
a large scale. The water used was that actually supplied to the 
city. For the purposes of the experiments a polarite filter was 
placed near the pump house and samples of the natural, filtered 
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and sterilized water were analyzed chemically toy Messrs. Peter- 
maim and Berg^, and bacteriologically by Messrs. Van Ermaugem. 
de Molinari and Berg6, Mr. Berg6 in both cases operating separately. 

The results of three tests were given in the pamphlets which he 
submitted. Only an abstract of the conclusions of the city engineer 
and the general inspector of Ostend would be given. 

The method was said to be efficient if operations were made 
carefully, and regularly. The peroxide, acting during 15 seconds, 
destroyed almost one half of the organic matter in the water, as 
well as all micro-organisms. The quantity of reagent required 
was so small that the quantify of chlorine in the sterilized water was 
not perceptibly increased. 

It was desirable to send the water to be treated through settling 
basins and to filtrate it, if it were heavily charged with organic or 
mineral matter. But in the case of a water of proper chemical 
composition, and which is only dangerous on account of the pos- 
sible presence of pathogenic germs, such water may be treated by 
the peroxide process without filtering. 

Other experiments were made by Dr. Desguln, president of the 
Royal Academy of Medicine of Brussels and president of the 
Medical Commission of the Province of Antwerp, with a view to ' 
aacertaining the hygienic qualities pf water sterilized by the 
peroxide process. The following were his conclusions: 

I. Water sterilized by the peroxide process has all the organo- 
leptic qualities required a^ regards taste, colour, smell, and chem- 
ical reaction. 

II. It is free from all pathogenic microbes, the only bacterias 
found in it are absolutely innocuous ones, such as "bacillus sub- 
tilis." 

III. Where used for driaking purposes it always proved inno- 
cuous. 

IV. It does not interfere with any organic function, germination, 
fermentation or digestion; assimilation goes on with its use as well 
as, and sometimes better, than with the use of ordinary waters of 
good quality. 

V. Hygienically, it is perfect. 

These results, if bona fide as they appeared to be, were close to 
marvellous, and, as the question of pure water was o'ne of vital im- 
portance, he would suggest that experiments and analyses, such as 
were made at Ostend might be made on Montreal water by some 
of our members, or by the chemists and bacteriologists of McGlU 
University. To all appearances this could be done at a very trifling 
cost which the Society could defray if necessary, and, if the re- 
sults obtained were even half as satisfactory as claimed, our City 
Fathers might be induced to make a test of the process on a larger 
scale. 



Thursday, 31st January. 

Mr. G. H. Duggan, Vice-President, in the Chair. 

On motion, it was resolved to postpone the reading of corres- 
pondence in discussion of Mr. Balllairge's paper on "Masonry Dams." 



Thursday, 14th February. 

Mb. W. McLea Walbank, M. Can. Soc. C. E., in the Chair. 

A series of Stereopticon Views of Engineering Structures on the 
Canadian Pacific Railway, shewn by Mr. Heckman, occupied the 
evening. 



Thursday, 28th February. 
Mr. G. H. Duggan, Vice-President, in the Chair. 

It was moved by Mr. W. J. Sproule, seconded by Mr. H. Irwin, 
and unanimously resolved, that "In view of the fact that the 'Re- 
view of Reviews' has abused the liberty of free speech, which we all 
prize so highly, by circulating accounts of dishonourable conduct 
on the part of British officers and men towards the women of South 
Africa, which have not been established as true; and by contribu- 
tions of its editor, Mr. W. T. Stead, to foreign newspapers, ridicul- 
ing our present King, even before he had performed any official 
acts to criticize; and by a general course of action tending to lessen 
the prestige of our Empire and to incur the contempt of other 
nations; it is the opinion of this meeting that the said 'Review of 
Reviews' should be struck from the subscription list of this Society 
forthwith, and that any numbers already contracted for should be 
destroyed as soon as received; and that this resolution be sent to the 
Council and to the Library Committee." 

It was then moved by Mr. J. G. Kerry, seconded by Mr. W. Mc- 
Lea Walbank, and unanimously carried: — "That whereas Dr. H. T. 
Barnes has accepted an invitation from the Paper Committee to lec- 
ture before the Society on 'Ice Formation in Canadian Waters and 
the Physical Laws Governing its Formation,' and has expressed his 
desire to deliver the lecture in the Physics Building of McGill Col- 
lege, as suitable apparatus for illustrative experiment is available 

H 
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there, that it be resolved to hold the ordinary meeting of March 14th 
in the Physics Building for the purpose of hearing the said lecture, 
provided that no objection to so doing be raised by the College 
authorities." 

Abstract of papers upon "The Character and Qualities of Port- 
land Cement," and upon ''Experiments on the Artificial Acceleration 
of the Setting of Portland Cement," was read and briefly discussed. 



ABSTRACT. 

Abstract of two papers, read before the Liverpool Engineering So- 
ciety, by Meesrs. Prosser A. H. Shaw and F. E. Priest, M.M.Inst.CB., 
on **The Characteristics and Qualities of Portland Cement," and «)n 
''Experiments on the Artificial Acceleration of the Setting of Port- 
land Cement, respectively. 

Both of the papers are evidently written by gentlemen who have 
had experience in the use of this material. 

In the first paper the importance of fineness of grinding is par- 
ticularly emphasized, and its effect upon the cementitious value is 
discussed at some length; incidentally it is pointed out that fine 
grinding, as also the process of air slacking, both have the effect 
of reducing weight, and, in speaking of the value of weight as a 
criterion of quality, the author shows that insistence upon a cer- 
tain standard weight may sometimes lead to the acceptance of a hot 
(or imperfectly air-slacked) cement, or of one of inferior fineness. 
Variations in the weight of samples of the same cement, weighed 
at different ages, are given, as follows: — 

At age of one day, weight 117 lbs. per budhel, . 
** " *' one month ** 113 ** 

'* " " two " " 108 

" " " twelve •* " 103 ' 

And, as examples of variation in weight due to grinding to different 
degrees of fineness, the following are quoted: — 

lbs. per bus. 
A cement leaving 10 p. c. residue in an 80 mesh sieve weighed 110 

20 p. c. •• *• 116 

25 p. c. 121 

35 p. c. 12:5 

The author considers that the chief value of chemical analysis, 
as capable of application by the average user of cement, lies in the 
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€asy detection, by its means, of the presence of sulphur, or magnesiai 
in dangerous quantity; beyond this, the tests which he regards as of 
the greatest practical importance are those for (1) Fineness, (2) 
Soundness, (3) Tensile Strength. 

The economy is referred to of securing a finely ground cement 
rather than one containing a sensible proportion of a practically 
inert substance, or of particles, the complete hydration of which, in 
the author's opinion, may be so long delayed as to endanger the in- 
tegrity of the mass when this hydration finally takes place; at the 
same time the wisdom is quefitioned of pushing the demand for fine- 
ness to an extreme; firstly, because the manufacturers can meet the 
demand by using a shorter clinker, and, secondly, because of the 
practical difficulties in the way of testing the exact fulfillment of 
such demands. 

Not more than 10 per cent, residue, by weight, upon a 5,800 mesh 
sieve is suggested as a sufflciently exacting test of fineness for prac- 
tical purposes. 

The author's experience has given him the utmost confidence In 
the reliability of the "Prussian" or "Pat Test," in conjunction with 
"Faija's Steam Test," as applied to Soundness. 

In discussing the value of tests of tensile strength, the quick de- 
Telopment of strength which is exhibited by an over-limed cement 
is noticed, and an instance is quoted in which strengths of 330 Ibfs. 
In water and 740 lbs. in air were attained by a certain cement, after 
28 days; the briquettes, however, afterwards suffered complete dis- 
integration through subsequent hydration of free lime. The indi- 
cation of real value, it is pointed out, is that of a fair induration 
after seven days; the exhibition, sa^y, of a tensile strength of 350 to 
400 lbs. per square inch — with an increase of strength of at least 30 
per cent, in 28 days. 

Attention is called, in the paper, to the effect upon the apparent 
strength, of the rate at which the scale is loaded in the testing of 
briquettes. A slow loading from zero upwards generally -leads to a 
lower "breaking weight" than if the test were begun with an initial 
loading, equivalent, say, to 100 lbs. It is the author's practice to 
begin with a load of 100 lbs. applied in 15 seconds — examples of 
these variations are given. 

The difficulty is referred to of carrying out "Sand Tests" in ac- 
cordance with any standard, as sands of quite different character 
may each of them equally well fulfill almost any washing or sifting 
tests that can be applied to them. In the discussion upon the paper, 
however, the importance of the retention of the sand test was a 
l^ood deal emphasized, notwithstanding its difficulties, particularly 
a.8 it might often serve to direct the presence of adulterants. The 
effect, upon the tensile strength, of the addition to the cement of 
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diluents, such as pure sand, or Kentish Rag, might be hardly per< 
ceptible until the further addition of sand had increased the total 
quantity of inert matter to a certain proportion, but after this pro- 
portion has been exceeded, the further addition of sand leads to a 
much more rapid reduction of strength than is shown by the same 
additions to an unadulterated cement 

The addition of any adulterants such as sand, slag, ragstone, etc.. 
the author condemns most emphatically; he quotes instances show- 
ing the danger of the presence of slag in a cement which is to be 
used in damp situations, and it is also shown how the addition of 
such adulterants must of necessity lessen the cementitious value of 
the material which fills the interstitial spaces in a rightly propor- 
tioned aggregate. 

The presence of ragstone can be detected by its etrervescence 
with hydrochloric acid, and by the dark green colour of fracture 
in a briquette, when broken after immersion in water for seven 
days. A test for the presence of rag&^one, formulated by Mr. 
Yardley, analytical chemist, is given as follows: "Place on a clean 
silver coin a thin layer of suspected cement, drop a small quantity 
of dilute H, S O4 on it [H^ S O4 + 7 Ha 0] then rinse with water. 
If the cement is genuine the treatment with acid will slightly affect 
the colour of the silver, but if slag is in strong proportion a dark 
brown stain will be produced on the silver." 

In the discussion on this paper difference of opinion was ex-. 
pressed as to the relative order in importance of the three principal 
tests discussed by the author, viz., Fineness, Soundness and Tensile 
Strength, and also with respect to the best practical standard of 
fineness; a smaller residue upon a coarser sieve than a 5,800 mesh 
received some advocacy, say 2% per cent, residue upon a 2,500 mesh 
— ^the gauge of the wire also to be duly specified. 

It was generally agreed that tensile tests, to be truly satisfactory, 
ought to cover a long period, and ought to reveal a gradual and pro- 
gressive induration. 



Mr. Priest's paper was a discussion of the observed effects, upon 
the time of setting of a cement, produced by the solution in the 
gauging water of such substances as soda, bicarbonate of soda, 
sugar, salt, and glycerine in varying quantities. 

Soda was found to produce a marked acceleration in the setting, 
when added to the neat cement in the proportion of 1.44 per cent. 

The experiments were carried out with two different samples of 
cement, the chemical analyses of which are not, however, given: in 
the cases of both, the effects were very similar. The time of setting 
was reduced, in the one case, from 9.5 minutes to half a minute, and 
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in the other case, from 8 minutes to one minute; complete setting 
taking place in both cases in one hour and forty-^ight minutes. 

As the quantity of soda was increased above 1.44 per cent., the set- 
ting in the case of both cements was retarded, though it was still 
more rapid than when pure water was used in gauging; all of the 
other above-mentioned ingredients had a decided effect in retarding 
th^ process of setting. 

Experiments upon the effects of such additions upon the tensile 
strength had, at the date of the paper, only extended over a period 
of 50 days; they showed a perceptible diminution in strength in the 
case of the soda briquettes, but a striking parallelism between the 
curves of induration (plotted to time ordinates) of the pure cement 
briquettes and the soda briquettes respectively. 

The great value, under some circuniptances, of a reliable means of 
securing a rapid process of setting was commented upon in the dis- 
cussion of the paper. 

The fact indicated by the experiments seems to be that the addi- 
tion of a small percentage of soda to the gauging water will have a 
marked effect in the acceleration of the process of the setting of a 
cement; and, as many cements naturally contain a small quantity of 
soda, the quantity to be added to produce the best results will pra- 
bably vary from li/^ per cent, to 2*4 per cent. 

W. R. B. 



Thursday, 14th March. 
Mb. G. H. Duggan, Vice-President, in the Chair. 

Paper No. 157. 

ICE FORMATION IN CANADIAN WATERS AND THE PHYSI- 
CAL LAWS GOVERNING ITS FORMATION. 

By Dr. H. T. Barnes. 

The formation * and growth, the disintegration and decay of 
river ice, forms one of the most interesting themes of study 
which Nature has to offer, for in that we are dealing with a change 
of state from a liquid, where the particles are in vibration, rota- 
tion aud progressive motion, to a solid, where the particles are 
confined and restricted to definite centres of vibration ; from a 
liquid which is capable of filling any shaped vessel, we pass to a 
solid which resists deformation. The process of change takes 
place, as Is well known, at a constant temperature. All crystalline 
substances have a definite melting point and the liquids which form 
crystalline solids have a definite solidification point. Water is no 
exception, and we find that water, on being cooled, experiences a fall 
of temperature regularly, depending on the rate of abstraction of 
heat until a definite point is reached. At this point further abstrac- 
tion of heat causes a change of state,— -the formation of ice. The 
converse process, the formation of a liquid, is accompanied not by 
an abstraction, but by an absorption of heat. To study this ques- 
tion we must consider the processes by which heat can be abstract- 
ed or supplied to the material. The physicist recognizes three 
ways in which heat is disseminated, — conduction, convection 
and radiation. These three processes are all employed in causing 
the loss of heat from a body which is above the temperature of its 
surroundings. This does not mean that radiation, conduction and 
convection are the agencies of three different kinds of heat, but 
that, in the ordinary process of cooling, these serve as the method 
of transfer. By conduction, of course, we mean the transferring 
of heat from particle to particle of a body by their direct communi- 
cation, and from body to body by contact. Thus, if we heat the end 
of an iron rod, the heat is carried along the rod from particle to 
particle, and is said to fiow along the rod. If the end of the rod is 
placed in water, the heat passes to the water, and the water in- 
creases in temperature. By convection we mean the transferring 
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of heat by the material movement of the matter itself. As an ex- 
ample, when a liquid is being heated the density decreases, and, 
In consequence, the lighter part of the liquid rises, carrying with 
It the heat, to be replaced by the cooler liquid which descends. We 
can simply illustrate the process of conduction and convection, and 
of change of state from liquid to ice, by a simple experiment which 
we shall now perform, and, at the same time, introduce the use of one 
of Callendar's platinum thermometers, which has been used, as you 
are probably aware, in certain determinations of the temperature 
of the river water, and to which we shall more fully refer later on. 
As you probably know, temperatures by means of the platinum 
thermometer are measured by observing the variation in resist- 
ance of a piece of platinum wire. The arrangement is such that 
the change in resistance is made to give directly on a suitable scale 
of units, the number of degrees through which the thermometer 
is heated or cooled. We shall endeavour to show by this experi- 
ment with the aid of one of these thermometers, the gradual lower- 
ing of the temperature of some water until the freezing point is 
reached, and also that the change from water to ice occurs at a 
constant temperature. As long as heat is abstracted from the 
water, instead of the temperature falling, ice is formed, the amount 
being directly proportional to the amount of heat taken away. 

Experiment. 

Let us turn our attention now to the case of a river which Is 
flowing, and the case of quiet water. Let us start about midsum- 
mer when the temperature is about 80 o F., and let us imagine that 
the weather Is becoming cooler as the season advances, and, there- 
fore, the temperature of the air is falling. We will find that if we 
make accurate determinations of the rate of fall from day to day, 
this fall will take place in a regularly shaped curve. Thus, as the 
temperature of the water falls more and more towards the freezing 
IK>lnt as the months approach the winter months, we find that it 
will lag slightly behind the temperature of the air, until finally the 
air temperature will drop below the freezing point of water. Oi^ 
further abstraction of heat, the water will form ice, and from that 
time on, the temperature o( the water will never vary as much as 
a hundredth of a degree from the freezing point. The temper- 
ature of the water will finally rise above the freezing point during 
the spring months, or as soon as all the ice has vanished. Now, 
In the case of a quiet river or a lake, the processes which go on 
are those of conduction and convection. The surface of the river 
win be bathed by air which is at a lower temperature than the 
water itself. . The consequence of this will be that the water will 
De cooled, and this upper cooler water will fall and take the place 
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of the water below, which Will rise, being less dense. This will go 
on until the temperature of the river reaches 39^, at which point 
there will be a marked change. At 39 ^ the density of the water Is 
a maximum, and any further cooling of the water will result on the 
colder water remaining at the top, the warmer staying below. The 
surface of the water becomes colder than the interior, and, 
arriving at the freezing point, the result is the formation of 
ice over the surface, and this ice will then protect the water 
against loss of heat. The ice, however, grows in thickness more 
and more, and, as it increases in thickness, will become more of a 
protection to the water. Some idea can be formed of the rate at 
which this ice would grow in thickness if it be considered that on 
the underside the ice was continually bathed by water at 32°, and 
that the air above the ice was at a temperature of 0°, and If this 
could remain so for a period of three days, we would then have, 
if the ice was one foot thick, one inch of ice formed on the under- 
side. This is the result which would be arrived at from calculations 
of the thermal conductivity, and agrees fairly well with experi- 
ence. This would mean that, if the weather continued below zero, 
the ice would increase in thickness in about a month, one foot. The 
effectiveness of ice in preventing the loss of heat is one of the pro- 
visions of nature. Now, the action is quite different if we consider 
open water. Consider the case of a running river such as the Lach- 
ine Rapids, or the water above the' rapids. There, the water is 
churned and mixed to its very bottom. The consequence is that the 
whole mass of the water falls to the freezing point at the same 
time, and we have, not the formation of surface ice, as for quiet 
water, but the formation of fine crystals of ice in the water itself. 
Heat is extracted from the water rapidly where the air temperature 
is considerably below the freezing point, which must result in the 
formation of crystals throughout the mass of the river. This agrees 
well with what is known to be true in the case of running water. 
These ice spicules will be formed, but their size will depend upon 
the rapidity with which the' water is flowing. Thus, if the water is 
being very rapidly agitated we will have very minute crystals, if 
the water is flowing just too rapidly to freeze we will have plates 
and discs of ice. Hence, if we find certain ice below the rapids we 
can tell about how fast the water has been flowing when it was 
formed. There are certain phenomena in connection with this river 
ice which are well known, and which can be briefly considered. 
That is to say, the phenomenon of agglomeration, or the phenome* 
non which we define as the sticking of the ice together into lumps. 
It is known that if the water is very cold these ice crystals will 
be found in a sticky state ; in a state in which they will adhere 
to each other and to bodies which are immersed in the water. 
There is bound to be a difference of opinion in regard to the action 
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of thlB Ice in agglomerating. There have been a good many 
meaaurelnents made of the temperature of the water during this 
change, and tt has heen Inadvertently shown that water becomes 
Tery much undercooled. Two or three years ago Mr. Kennedy, 
0f the Harbor Commissioners, interviewed Professor Callendar 
with a view to undertaking some determination, by means of nis 
thermometers, of the temperature of the water, in order to see if It 
were possible for the water to become as much undercooled as had 
been apparently measured by other observers. Professor Callendar 
asked the author to undertake this work, which he was very glad 
to do, and a thermometer was designed, which works on the same 
principle as the one which has been shown you. It is a thermo- 
meter which was designed to measure very minute dlfTerences of 
temperature. It was thought,^ of course, that the water could not be 
cooled much below the freezing point, because it is known from phy- 
sical reasons that this Is impossible. It can be done in the laboratory 
by quietly cooling it, and thus lower its temperature below tne 
freezing point; but the slightest agitation will cause the mass to 
solidify, and there it will remain at the freezing point as long as any 
water exists. As a result of a careful series of measurements for 
two winters, one from the guard pier and the other from Lachlne 
Rapids,, the author was led to the conclusion that the rate at which 
the heat was being abstracted from the mixture of ice and water, 
or was being supplied to the mixture of ice and water, determines 
its temperature, and if the mixture of ice and water was losing heat 
rapidly the temperature was slightly below the freezing point a 
few thousandths of a degree. It was during the time the water was 
in an undercooled state that the ice was in this sticKy condition, the 
order of the undercooling being about .006 of a degree. Now this 
very minute reading would be entirely over-looked by an ordinary 
thermometer. But by these thermometers, which were capable pf 
measuring temperatures to .0001 of a degree, it was possible to ob- 
tain very accurate determinations. 

During this state of agglomerations the whole mass of the river 
is thrown into this slightly undercooled state. Correspondingly, 
when the air temperature went above the freezing point, the temper- 
ature of the water went slightly above the freezing point. This 
must necessarily follow from theoretical considerations, as the 
author has shown elsewhere. 

There is another agency at work to cause loss of heat. Many scien- 
tific men consider that radiation does not play a part in river ice 
formation. There have been some who have held for a long time 
that radiation did perform an important part, and many who held 
that radiation did not. Some experiments will now be shown 
which will tend to indicate that radiation must play an 
important part. By radiation we mean the direct rays of heat 
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which are given out by bodies which are at a higher temperature 
than their surroundings. These rays are in every way similar to 
light rays. T^ey are capable of reflection, refraction and polariza- 
tion, just as light rays, and are propagated through intervening 
space without necessarily warming that space. Air. for instance, is 
almost completely diathermanous, as Tyndall showed. Water va- 
pour, on the contrary, is not. It absorbs these heat rays, and, in con- 
sequence, if the ray of heat is passed through water vapour, it is 
absorbed and the temperature of water vapour rises. Now, con- 
sider what effect this must have on river ice formation. We have heat 
radiated from the earth into space. This heat passes out with the 
velocity of light, hence at night we know that the surface of the 
earth becomes rapidly cooled by the escape of heat rays into space. 
In a river, such as the St. Lawrence at the Lachine Rapids, we have 
the radiation going on from the shore at all points; but as water is 
partially diathermanous. it is capable of transmitting 11^ of the heat 
rays. We must, therefore, have from the bottom of the river itself 
a certain amount of heat which is radiated. 89 p.c. will be caught 
in the water but the rest will pass directly through the water into, 
space. The consequence will be that, with the mass of the river at 
the freezing point, and this heat being continually radiated from 
the bottom, the bottom will become slightly cooled below the 
temperature of the surrounding water. The latent heat will be 
abstracted from the water, and ice be formed on the bottom. This 
is a phenomenon which is very familiar to ail. The presence of 
ground ice is one that is a distinct feature of the St. Lawrence 
River in winter, from the Lachine Rapids six miles up as far as 
Lake St. Louis, and, in fact, in any part of the St. Lawrence where 
there is no surface ice. The ice grows from the bottom in arbores- 
cent forms. It grows upwards in long fingers, and shows that the 
Ice is buoyed up even as it is formed. The density of the ice itself 
tends to keep it upwards. We may get a rough and general idea 
of the quantity of ice which would be formed on the bottom of the 
river, allowing for the water absorbing 89)< of the radiation. We 
can make a calculation of the amount of ice which would be formed 
in a given time. The thickness of the water will hardly matter as 
regards radiation as long as the water is clear. If the water is 
turbid, however, then the thickness of the layer of water above the 
ground will matter. If the water is turbid, the 11 j< of the heat rays 
are finally stopped, and are reflected back again to the bottom. 
This can be beautifully shown by a simple experiment, but not 
capable of being shown on a large scale. If we have a vessel of 
water in which we have fine particles floating, and we concentrate 
heat rays on one of these particles, llji of the heat rays pass 
through the water unabsorbed, that is, the water does not rise la 
temperature near the particle; but, as soon as the rays Impinge on 
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A particle, they increase the temperature of that particle, and the 
water around it becomes heated. This was shown by Tyndall. 
We can form an idea of the thickness to which this anchol* ice will 
torm, if we consider that the mean temperature of the earth is about 
47 OF. and allowing for the amount of heat which will be absorbed 
by the water, we will have formed, in about six hours of radiation 
alone, a layer of ice over the bottom 1 Inch thick. This seems to be 
a very small amount compared with the rapidity with which anchor 
ice forpis, and yet when we consider that this layer would be solid 
ice, it does not seem so small. The ground ice, which is not solid, 
but grows in long needles, could be compacted in a very small mass. 
The radiation itself will go on from the surface of the ice as well; 
thus the formation of the layer of ice on the bottom of the river 
does not check the radiiation of heat, but the ice continues to in- 
-crease in thickness. Another and very important indication is the 
effect of the sun's rays. It is well known that on a clear day as 
soon as sun rises, the solar rays penetrate through the water and 
t)ring up this ground Ice in masses. As a proof of the influence of 
the sun's rays, the author made some experiments on a bright day 
with the bulb of his thermometer at different depths. These mea- 
surements give some idea of the depth of penetration. At 5 feet 
the temperature indicated by the thermometer was .0186° 
above freezing. At 2 feet it was .0474° and at 8 Inches .0741°. By 
bending the thermometer stem around so as to carry it under some 
ice the temperature was .0292o. We see that the protective action 
of the ice was very great because the ice was covered by snow, 
and fine particles of snow prevent the radiation of heat through 
them. In the current which was 10 ft. deep/ the temperature was 
.0280 o and shewed that this current must have been running under 
tne ice. Shortly after that, with the thermometer about 5 feet in 
the water, the sun became clouded over and the temperature then 
fell to 0112'=. The converse effect of radiation from the bottom 
was measured, that is. similar determinations were undertaken in 
a clear atmosphere at night. These determinations show that the 
thermometer bulb became cold by the actual radiation from the bulb. 
Towards the early morning after the night of radiation, the 
water was in a slightly undercooled state and the ice was in a state 
of agglomeration. The question has arisen whether this ice would 
be capable of sticking to the bottom of the river not allowing for 
radiation. Many have held that we do not need to introduce this 
idea of radiation in river ice formation. But it seems that it 
must be included In a scientific study of ice formation. Why are 
these fine crystals of ice which are formed by the admixture of water 
carried to the bottom and why do they adhere to the bottom, not 
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admitting the possibility of radiation. The question is one which, 
we would have to consider more in detail. It must be concluded^ 
from oiher observations, that there must be a first layer of ice 
formed on the bottom by radiation; after that these needle crystals 
adhere to this first layer of ice. This layer would form very rapidly 
after the river had reached the zero point Then the further increase 
in the thickness would be from tde sticking of the frazil crystals to 
the foundation laid by the action of radiation and the increase in 
thickness by radiation from the ground ice itself. The author is 
now introducing the two terms, "frazil" and "ground ice" as if there 
were two distinct forms. It is important to have the distinction 
drawn between frazil and anchor ice. We find that confusion exists 
and that people refer to ground ice when they mean frazil ice. and 
vice-versa. Let the distinctive terminology be accepted which was 
introduced in the report of the Montr-eal Flood Commissioners and 
which seems to have been over-looked : "Frazil as distinguished 
"from anchor ice, is formed over the whole unfrozen surface above 
"and below Lachine Rapids, between Prescott and tide water and 
" wherever there is sufficient current or wind agitation to prevent 

"the formation of bordage ice " 

Many have given out the idea that regelation plays an important 
part in the formation of ground ice ; that these fine crystals, coming 
in contact with the frozen bottom, stick there by regelation. By 
this we understand the freezing together of two particles of ice by 
pressure. At the point of contact of the two, the freezing point is 
lowered. We know that the application of great pressure will lower 
the freezing point of water. 150 atmosphered lowers the freezing 
point one degree. U we press together two particles of ice at the 
point of contact the ice is melted and the temperature of co-existen- 
ce of the ice and water Is lowered. Immediately on removing the 
pressure, the water which is at the point of contact, is below its 
normal freezing point ; hence this water must become frozen and in 
consequence the two particles of ice must stick together. How can 
this affect the formation of ground ice, seeing that regelation 
requires continued pressure at one point and how can it act In 
sticking these ice crystals to the bottom ? As a very beautiful 
experiment illustrating this phenomena of regelation and one which 
Prof. Cox has been in the habit of showing in his lectures for many 
years, there has been arranged a block of ice around which has 
been placed a wire and attached a heavy weight. At the point of 
contact the pressure is increased and the ice melts and water is 
formed. This water solidifies again. At the point of contact of the 
wire, the ice is melting but solidifying again immediately above. 

As an example of the growth of frazil crystals which occurs in the 
Lachine Rapids, we have here several charts of the Montreal Flood 
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commission which were made in 1887 and which show that for miles 
^elow the point at which the ice is formed we have these minute 
spicules carried under the ice and passing into quiet water, rising 
and adhering to the surface. In many places the ice is solid to the 
very bottom. We have often 20' of surface ice by the accumulation 
of these minute crystals carried by the running water under the ice 
which forms at the foot of the Rapids. 

Now, there are many plans which may be formed in regard to 
alleviating the effects of the agglomeration or sticking together 
these crystals, but that must be left to engineers and those 
who are more competent to deal with that side of the question. 
The author has examined into this question purely from the point 
of view of a physicist, and, in order to arrive at any results which 
are going to help in this direction, the question must be studied from 
the physicists's standpoint, for the accumulation of facts by casual 
observation will not yield very much. We must look at it from a 
purely physical standpoint and as a purely physical change, and 
when we consider the temperature changes which bring about the 
production of ice, then we will get more nearly to the correct result; 
but if we cannot entirely obviate and remove the formation of ice 
in our river here, we may at least find some means to temper Its 
effects. 

The steadiness of the temperature of the water is a matter of very 
great importance indeed. The fact that the water Itself does not vary 
throughout the winter to as much as a hundredth of a degree, is an 
Important consideration. The disastrous effects which result from 
the formation of frazil to machinery and other engineering work, 
must be due to the fact that this ice is agglomerating or sticking 
together in lumps and is liable to adhere to machinery. Now, see- 
ing that the difference of temperature is so small between the dis- 
astrous effect of frazil and the condition under which frazil is 
harmless, why is it not possible to devise some method of entirely 
obviating the effect of the agglomeration, by suitably warming 
the water or keeping the machinery (as has been suggested) at a 
slightly elevated temperature. One way, an important way. of 
obviating the effects of frazil is to cause surface ice to form in 
order to cover the river entirely. If a river could be entirely covered 
then there would be no more .disastrous effects from anchor ice and 
frazil crystals, for the surface Ice would then act as a protection. 
One of the first things that must be done is to cause the cover of 
surface ice to form. Hence the building of a dam above works is 
most essential, and, when carried sufficiently far, will prove to be 
quite effective. Where the danger will lie is that, if the water ite 
left open still above the dam, or place of quiet water, then the frazil 
crystals may pass In under the ice with the water and gradually 
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block up the passage. The question of warming the water is a much 
more serious one. Although it is only necessary to keep It a hun- 
dredth of a degree above the freezing point, yet when we consider 
the mass of water and the fact that water has such a high thermal 
capacity, it may be realized what an enormous quantity of energy 
would be required to warm it that small amount. Hence it seems 
that the only way that the effects of frazil can be obviated is to 
cause a surface layer of ice to form. As is well known, anchor ice 
is not formed under bridges. Now, this is a direct indication of 
radiation. The bridge spanning the river acts as a check to the 
radiation and causes the radiation of heat back again to the bottom 
and prevents the formation of ice at that point. Another indica- 
tion that radiation is a very important feature is, of course, the fact 
that we find that anchor ice occurs more readily on dark rocks than 
on light ones. The author has found in the morning that at the 
place where his observations were made, there was a very much 
thicker formation on the dark than on the lighter rocks, and U is 
well known that dark objects radiate the heat more than light ones. 



DISCUSSION. 

Mb. Sproule thought that the first thing to be done would be to 
move a vote of thanks to Dr. Barnes for his extremely interesting 
lecture. The question, bearing on the subject of winter navigation 
of the St. Lawrence, was a live one at the present time. The one 
point of very great interest was that the water did not fall several 
degrees below the freezing point, as had been supposed by engineers 
for a great number of years, and as had been recorded by observers 
at different times and places. It was easy to find records taken for 
months, from one year to another, showing water temperatures 
two and three degrees below the freezing point Dr. Barnes had 
pointed out many things that were of great interest to engineers, 
and the facts he had indicated were the ones engineers had to work 
on in the question of ice and winter navigation. The matter of 
radiation seemed to be of very great importance. He impressed up- 
on the members present the debt they owed to Dr. Barnes. The In- 
formation given had not been obtained in a comfortable room, ana 
the observations were not a pleasant job. He had the honour or 
assisting Dr. Barnes in getting the apparatus together, and the in- 
formation given represented a good deal of labour and exposure. 
He had much pleasure in moving a vote of thanks to Dr. Barnes for 
his very able and Interesting lecture. 

Prof. Dtjrley, In seconding the vote of thanks moved by Mr. 
Bproule," asked Dr. Barnes, with reference to the figures which he 
had given as to the temperature of the water while radiation was 
going on, which of these figures corresponded most nearly to the 
tme temperature of the water. 

Dr. Barnes, in reply to Prof. Durley's question, said that the 
lower figure represented more nearly the temperature of the water. 

Mr. Ket^jtbdy asked how the earth could radiate cold into the 
water when the bottom was receiving heat from the earth. 

Dr. Barnes said that in this regard we had to consider the 
thermal conductivity of the soil. If we took the determinations, 
which had been carried out by Prof. McLeod and Prof. Callendar, 
we would find that the thermal conductivity was very small, in 
ftict, it need not be taken into consideration. The radiation from 
the surface in absolute measure, allowing for the absorption of the 
rays by the water, would be sufficiently above that of the slow con- 
duction of heat from below to allow for the formation of one inch 
of solid ice at the end of about six hours of radiation. He said that, 
of course, these numbers were only general. It would depend alto- 
gether on the surface of the bed of the river. The case was for a 
dark surface. 
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A Question was raised as to whether there was any difference 
in the formation of ice in different qualities of water, such as water 
that would be called hard and water approaching distilled water. 

Dr. Barnes, in reply, said that soluble substances in water low- 
ered the freezing point. There was no doubt that if water contained 
a great deal of soluble matter its freezing point was lowered. The 
quality of ice would not differ, because it was known that from quite 
impure solutions we had pure Ice separating out. Ice separated and 
expelled the impurities, so that we would have the ice eusting in 
the same clear state as if it were formed from pure water. 

Prof. McLeod said that in regard to the question, which he 
supposed related to the fact that some rivers formed frazil and 
anchor ice more readily than others, he would suggest that that 
quality would depend upon the clearness of the water rather than 
upon its chemical quality. 

Mr. Parizeau asked Dr. Barnes if there were any way of dis- 
tinguishing between crystals of anchor ice and frazil. When the 
anchor ice detached itself from the bottom and rose towards the 
surface it became mixed with the frazil, and the two could not 
then be distinguished. 

Dr. Barnes, in reply, said that there was a great deal of con- 
fusion existing as to the two terms "anchor" and "frazil" ice, and 
he would like to see the distinction made, based on their methods of 
formation. Anchor ice was formed on the bottom, growing up- 
wards, while frazil was formed in the river itself. When the two 
became mixed it was difficult to tell them apart. Frazil crystals 
seemed to form around particles of suspended material in the water, 
which formed nuclei for the crystals, and consequently the crystals 
might be examined for these fine particles, which would idenUfy 
them as frazil. 

A question was raised as to the limit of depth of formation of 
anchor ice. 

Dr. Barnes said that, in this connection, there were two factors 
to be considered. First, as to depth. It was known that anchor 
ice did not form below a certain depth. The limit was placed at 
about 30' to 40'. In the Niagara River anchor ice was unknown. 
The amount of heat which would be absorbed would depend on the 
clearness of the water, so we would not have 11^ paaslng through, 
but perhaps only 5j^. And then again, we must remember that in a 
deep river there was not such thorough stirring of the water as we 
had in a shallow river, hence the temperature of the water on the 
bottom of a deep river might not be necessarily at O. We had then 
the two factors to consider when we went below a certain depth- 
First, the fact that the water might not be so thoroughly stirred, 
and. second, that we never had a river with perfectly pure water. 

Dr. Barnes remarked that, with regard to the use of the terms 
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"frazil" and "anchor Ice," he felt very strongly, having been some- 
what interested in the question of the formation of ice from tne 
physicist's standpoint. He had been continually confused by the 
fact that observers were using the two terms indiscriminately, stat- 
ing one when they meant the other. It seemed to him that it would 
be wiser at this stage, more especiaUy as the subject was being 
more and more discussed, for this Society, which had a distinct 
and recognized standing in the country, to adopt two distinguishing 
names for the two types of ice. But this brought up the question, 
"Do these two forms of ice really exist?" and the point had been 
raised that it was Impossible to distinguish them. We had ice 
formed on the bed of the river, anchor ice, and ice formed through- 
out the mass of the river, which was termed frazil. Anchor Ice, 
when detached from the bed of the river, floated down the river 
and became mixed with the frazil. But he did not think that the 
distinction was required for ice in the state of disintegration, but 
it was required where we were regarding ice in its actual formation, 
and this was the most important feature. Ice which formed on the 
bed of the river might be formed by ra^iiation and might also be 
formed by the crystals which were grown directly on the bed of the 
river, these crystals being attached to stones, etc. The frazil crys- 
tals were entirely the consequence of keeping the surface from 
forming. Surface ice was nature's covering to prevent the loss of 
energy from the water itself. It was perfectly natural for the Ice 
to form on the surface and prevent further increase in the quantity 
of Ice. Where the river was kept open we had an abstraction of 
heat which kept going on in the water, and ice, which would other- 
wise have formed on the surface, formed as crystals of varying de- 
grees of fineness throughout the mass of the river. The word "frazil" 
might then be applied to the ice which was formed through the mass 
in the river, and the word "anchor" applied to ice which had grown 
directly on the bottom of the river. He would like to see the 
Society adopt these two terms, and believed it would lead to less 
confusion in the future. We had to recognize the primary dif- 
ference in the formation of the two kinds of ice, and, as the basis for 
this, he would refer again to the suggestion which was given in the 
report of the Montreal Flood Commission. 

Mb. Kennedy remarked that, in reference to the adoption of the 
two terms, he did not see just how we could manage it We had 
not taken in hand the matter of making terminology yet, and he did 
not know how we could go about it. The fact of drawing attention 
to the usefulness of the two terms was a great deal in itself. Any- 
one wishing to look into the matter would look up our Trans- 
actions and there see the matter referred to. 

Mb. Lesage asked how it would be possible to distinguish slush 
ice from frazil. For instance, what term would be applied to the 
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ice that formed at the head of the Rapids and lodged itself in tiie 
still water basin below? 

Dr. Barnes said that it would be called frazil. Anchor ice was 
formed entirely on the bottom. The ice which was found under tne 
surface ice and blocked the channels could not be called anchor ice. 
Mr. Kennedy observed that the question would also arise afi to 
what we were going to call ice found under the surface ice. In some 
places it extended from the surface right down to the bottom, as at 
Varennes. 

Mr. Kerry said that the question of frazil and anchor ice was one 
of a small change in temperature. The actual amount of ice which 
could be formed by radiation in the course of a day could not be 
very great, because, according to the laws of radiation, the rapidity 
of heat loss depended entirely on the difference of temperatures. 
Dr. Barnes had estimated for us that something like 3^' could be 
formed over the surface of a river bed in a single night. If tiiere 
were a considerable amount of anchor ice formed In this way, the 
melting effect of the radiation of the sun's rays in the succeeding 
day would be very much greater, because the difference in temper- 
ature between the sun and the river bottom was very much greater 
than the difference between the temperature of the latter and that of 
the interstellar space. The larger part of what was known as anchor 
ice seemed to be simply frazil which had attached itself to a layer of 
ice which was formed on the bottom in the first place. Most of this 
anchor ice was found in water which was running at a considerable 
speed, and it must have very considerable cohesive power to at- 
tach itself to stationary objects as it did. The frazil, which was 
found underneath the surface ice, was not frozen together, and had 
very little cohesive power. The actual difference between frazil 
and anchor was that anchor ice was undercooled and had the 
power of anchoring itself, which power it lost with rise of tempera- 
ture. So far as practical engineering problems were concerned he 
thought they arose mainly from frazil and not from anchor ice. 

Mr. Marceau wished to know what was the practical necessity 
of distinguishing between the two forms of ice. He thought that 
the nature of anchor was almost exactly the same as frazil. Water 
held in suspension a number of minute particles which got colder 
by radiation and acted as a nucleus around which these small 
needles formed. The same process went on at the bottom, and he 
thought that the nature of the two was alike. As soon as anchor 
ice was detached from the bottom It became frazil, 

Mr. Ikwin said that the frazil that he had seen looked solid, and 
reemed to be of a whitish colour. He did not see why we oould not 
distinguish anchor ice as ice that is actually stuck to the bottom. 

Dr. Barnes remarked the anchor ice was more solid than the 
frazil crystals. In drawing a distinction, of course, they were both 
ice, and both had the same chemical composition; but the use of 
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the two words would make it easier for future observers to record 
observations and make it easier to describe the phenomena. 

Mb. Kerry thought that -we had already accepted Dr. Bamet* 
suggestion, and every speaker had taken it that frazil was detached 
material, and anchor ice was anchored. 

Mr. 'Sproule remarked that, as he understood the matter, Dr. 
Barnes' object was to get at the way in which the ice was formed. 
There was no doubt that what was anchor ice in one place was 
frazil in another, assuming that what was formed on the bottom was 
called anchor ice. No doubt a large proportion of the ice that was 
contained in Laprairie Basin and elsewhere had been formed on the 
bottom at Caughnawaga and Lachlne, and was true anchor ice that 
iiad been formed there. Anchor ice was formed by radiation on 
the bottom of the river, and was supposed to form by far the great- 
est quantity of the loose ice that was termed frazil. He did xiot 
understand that anchor ice was anchored to the bottom of a sheet 
of ice. He would suggest, as a distinction, that anchor ice was only 
ice that observers had reason to believe had been formed on the 
bottom of the river. 

Dr. Barkes observed that a great deal of the ice that was 
f ox^ned in the mass of the river was formed when anchor ice was not 
rising at all. It was only when anchor ice commenced to disinteg- 
rate that it became mixed with the mass of the river. 

Mr, Sproule remarked that there would be one or two words 
necessary to describe the spicules which were formed in the water 
and the thin surface layer which was formed on the surface of the 
water, so thin that it was difficult to recognize it. There would be 
four kinds of ice: anchor, frazil, the fine spicules and the thin sheet 

Mr. Kerry said that he would like to take issue with Mr. Sproule 
as to the relative quantities of frazil and anchor ice. Speaking 
from figures, which Dr. Barnes gave us, it was perfectly clear that 
the actual amount of anchor ice which was formed on the bottom 
was very small Indeed, compared with the whole amount of ice 
which was formed by the undercooling of the water. If there was 
a certain amount of anchor ice formed in the night by radiation it 
was melted in the day by radiation also. On the other hand, If 
the temperature was considerably below 0, the formation of frazil, 
from the undercooling at the surface, was going on day and night. 
In certain parts of the day there would be no anchor ice being form- 
ed in situ. 

Mk. Robinsow observed that if we undertook to determine the 
character of the ice from its origin we would only perpetuate the 
confusion of terms for the reason that no two observers would agree 
to the origin. He, therefore, asked if it would not be simpler to 
agree that anchor ice was that which was anchored, and the ice 
whicli was not anchored was frazil. 
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Mb. Sproule said that the relative quantiUee of anchor and 
frazil was a point that he was not aware was settled. At one time 
he was of opinion that by far the greater part of the ice was formed 
in the mass of the water. He thought that the assumption that the 
Ice, formed as anchor ice, was formed in the night was a decided 
mistalce, because he was perfectly sure that the great masses of ice 
which he had seen rising from the bottom were not melted during 
the day, and he should judge that a vast quantity of ice during tbe 
day rose up from the bottom and did not disappear, but was carried 
under the surface ice. He thought most people would agree tnat 
ice was formed in the mass of the water only in extremely cold 
weather, and only when anchor ice would be formed during the 
night. 

Mb. Kerry remarked that Mr. Sproule had misunderstood h\B 
estimate of the actual amount of ice formed as anchor ice. The 
estimate referred only to that formed at the river bottom by radia- 
tion at night, and the amount of this was estimated to be consider- 
ably less than the amount that would be melted by the sun's radiation 
on the subsequent day. The great masses of anchor ice, to which he 
referred, were, in his opinion, formed by the adhesion of frazil to a 
small amount of ice previously formed in situ by radiation. * | 

I 
ABSTRACT I 



WINTER TEMPERATURES OP WATER. 

By Dr. H. T. Barnes. 
Trans. Royal Soc. of Canada, 1896 and 1897. 

In these two papers the author describes the methods and re- 
sults of a series of measurements of the temperature of the water 
in the St. Lawrence River. The 1896 observations were taken from 
the Guard Pier, in Montreal harbour, and the 1897 observations from 
the embankment of the Lachine Rapids Hydraulic Company. 

The apparatus used was an electrical resistance thermometer, 
the temperature being determined by measuring the dlfterence of 
resistance to the passage of an electric current offered by two sim- 
ilar wire coils, one of which was immersed in the rlyer^ and the 
other in a carefully prepared and frequently renewed mixture of 
snow and ice. The temperature of such a mixture is known to be 
exactly 32° Fahr., and the thermometer determined the temperature 
of the river above or below that of the mixture. The author states 
that in a laboratory, measurements can be made to 1-10,000 of a de- 
gree cent. But owing to the difficulties arising from the exposed 
situation and character of the observation shanties, the actual mea- 
surements made are not regarded as accurate to anything less than 
1-1000 of 1° C. 
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For engineering purposes the results of these observations may 
be stated briefly as deciding that throughout the winter the water 
has an exact temperature of 32 ^ Fahr., no variation as great as 
1-lOOoC. above or below that value being observed. 

The 1896 observations extended over the period between Feb. 
15, and March 16, and were made through boles cut in the surface 
ice, and the 1897 observations were made Feb. 3, and the middle of 
March, mostly in the open water of the Lachine Rapids. The author 
describes at some length the apparatus used and the method of 
making the observations, and gives instances of the minute rises of 
all the water temperatures that followed marked changes in the air 
temperatures and in the meteorological conditions. So dependent, 
indeed, were these minute changes upon the air temperature and 
meteorological conditions that the author states that it was pos- 
sible to predict them With considerable accuracy. 

The author's conclusions are that the formation of (frazil fol- 
lows a slight under cooling of the river water, and Is accompanied 
by a slight rise of temperature, due to the liberation of the latent 
heat upon crystallization. This undercooling is partially due to the 
direct abstraction of heat from the water surface, by conduction 
into the air and partially to radiation. The formation of anchor 
ice as distinguished from frazil is ascribed to radiation from the 
river bottom into the atmosphere, especially on clear cold nights, 
but the author admits that the masses of anchor ice may grow ra- 
pidly by frazil particles carried by the river currents becoming at- 
tached to the anchor ice formation. ' The rising of the masses of 
anchor ice is said to be due to the heating of the river bottom by 
the radiant heat in the sun's rays. 

Conclusion from experiments would seem to be that river is a 
natural storage of a certain amount of heat gathered in the sum- 
mer and gradually lost throughout the winter, by conduction and 
radiation. If the losses due to these actions were severe enough, 
the river would become solid. The most Important agent in check- 
ing them is the formation of surface ice. It seems desirable that 
the Sociefy should advise that a series of experiments be conducted 
to determine, if possible, the rate of loss due to difterent tempera- 
tures when the water is open and when covered by ice and snow of 
various thicknesses. The Lachine Canal might be a suitable position 
for such experiments. It is certainly necessary to measure the 
8treng:th of the adverse forces that militate against the strength of 
our engineering works. 
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ABflTRACT. 

ICE FLOODS AND WINTER NAVIGATION OP THE LOWER 
ST. LAWRENCE. 

By T. C. Keepeb. 
Trans. Royal Society, Canada, 1898. 

In this address, the author gives a short history of the Montreal 
floods of various dates, and describes, at some length, the manner 
in which the ice forms on the river below Montreal, and the facts 
about the winter condition of the river. The information gathered 
in 1886 and 1887, by the Montreal Flood Commission, of which the 
author was chairman, is particularly referred to, and reprints of 
several of the plans prepared for that Commission accompany the 
paper. The surveys for the Commission demonstrated that between 
Montreal and the foot of Lachine Rapids, there was at least as 
much frazil ice as water, and for twenty miles below Montreal the 
frazil blocked 30 per cent, of the waterway. This frazil is said to 
be formed as anchor ice in the open water. A change of tempera- 
ture loosens its hold in the bottom and it is carried underneath the 
solid ice lower down and adheres to it, growing rapidly in volume 
as the spiculae of frazil attach themselves to it. 

The ice bridge commences to form at Lake St. Peter and ad- 
vances up the river to Montreal as rapidly as descending borda^e 
and drift Ice furnish material for it. The river is really packed 
with broken ice rather than frozen over, and underneath this solid 
surface gathers the anchor ice and frazil, blocking up all the chan- 
nels and causing the floods. In Lake St. Louis, the frazil has been 
found as deep as 85 feet, and causing a reversion of the current of 
the Ottawa between Cascades Point and Vaudreull. 

The two recommendations of the Flood Commission were that 
an attempt should be made to close the open water above the Lachine 
Rapids by means of a lumber boom, which, by checking the floating 
ice, would aid in the establishment of an ice bridge and reducing 
the frazil forming area; and that the ice bridge below Montreal 
should be prevented from forming by ice breaking tugs, so that both 
bordage and frazil might pass straight in to the Gulf waters, the 
open channel thus secured being the surest safeguard against the 
recurrence of floods. On the recommendation of the Commission, 
the Flood Dyke was built in Montreal, and as there has never been 
a flood in the streets of Montreal since that construction was flnisb- 
ed, their other recommendations have been forgotten, but the author 
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is still of the opinion that it is perfectly practicable to maintain an 
open channel throughout the winter from Montreal to the sea, and 
that it ought to be attempted not only with the view of flood pro- 
tection, but also because of the great value to the St. fiawrence 
River ports of a lengthened season of navigation. The paper con- 
cludes with some illustrations of old time Montreal ice shoves and 
some remarks upon American and Russian ice breaking steamers. 



Thursday, 28th March. 

Mr. E. Mabceau, Vice-President, in the Chair. 

Illustrated address by Mr. John Kennedy on "The Construction 
and Operation of Ice-Breaking Steamers in Their Application 
to Navigation of the St. Lawrence in the Winter." 

ABSTRACT. 
STEAMERS FOR WINTER NAVIGATION AND ICE BREAKING. 
By Robebt Runebebg, A.M.I.C.E. 
(Proceedings Inst. C. E.. Vol. CXL., page 109.) 

Before 1877, Finland was closed to nayigation for five months 
in the year. Now, communication is kept up, practically speaking, 
the year round, with regular trade steamers between Hangii, Eng- 
land, Germany, Sweden, and other countries. During the last few 
years considerable modifications and' improvements have been effec- 
ted in the design and construction of ice-breaking vessels. Built 
according to the European type, they break the ice by the sloping 
bow rising until its weight overcomes the resistance of the ice, 
which then breaks, the bow descends, and the steamer progresses 
again to elevate the fore-end on the edge of the ice. When the ice 
is too thick to allow steady progress the boat retires a few hundred 
feet and charges against the ice at speed. With the gradual in- 
crease in the power of modern ice-breakers, evenly laid and uni- 
form ice no longer presents any serious hindrance to winter navi- 
gation. In the Baltic the usual thickness, where there is no pack- 
ice, seldom exceeds 18 to 24 inches, even in severe winters. An 
ice-breaker of 2,500 I.H.P., with the propeller aft, but otherwise ot 
modem design, should be able to work its way through this ice, It 
not covered with snow, without stopping, and if covered with snow 
she will progress fairly by charging. 

The author quotes the "Aegir" as a modern type of ice-breaking 
vessel. She was built in 1896 by the Nylands works at Christiania. 
and, though small, has done excellent service. Her leading dimen- 
sions are: — 

Length over all 182 ft. 

Length between perpendiculars 172 ft. 

Breadth 28 ft. 

Depth, moulded 14 ft 6 in. 

Dead weight at 16 ft. draught 500 tons. 
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She has a flush upper deck and double bottom, and especial 
strength In stem, stern-post and rudder. 

It had been observed that a steamer going astern sometimes made 
better progress than when going ahead, and accordingly the **St. 
Ignas" was built in 1888, from designs by Mr. Frank E. Kirby, by 
the Detroit Dry Dock Company for the Michigan Central Railway 
Company, for the purpose of carrying cars across the Straits of 
Mackinac; her leading characteristic being a front propeller and her 
principal dimensions:— 

Length over all 235 ft. 

Breadth 51 ft. 6 in. 

Depth 25 ft. 

Draught • 15 ft. 8 in. 

The engines are compound, the aft engine developing 2,000 I.H.F. 
at 90 revolutions per minute, the fore engines 1,000 I.H.P. at 100 
revolutions; the steam pressure is 120 pounds per square inch. The 
diameter of the aft propeller is 12 ft., with I614 ft. pitch, and the fore 
propeller 10 ft. with 15 inch pitch, both being of cast steel. The 
hull Is built of wood sheathed with 14 inch steel plate to above the 
load water line. The fore propeller was made extra strong, and it 
should be noted that no propeller blade of the "St. IgnaS" has been 
broken. Once the fore propeller was entirely lost, but the reasons 
have not been made known. 

The method by which this new craft worked in pack-ice was 
somewhat different from the European plan. When an ice-breaker 
of the old school was stopped by an ice belt she backed astern a 
few ship lengths and make a fresh charge, which always brought 
her a little way further in the ice. The "St. Ignas" rests with the 
bow against the ice; throwing the fore engines back the propeller 
sends a stream of water among the pack-ice, loosening the grip be- 
tween the separate blocks, and as soon as the engines are again re- 
versed the lumps of ice are carried aft by the stream from the fore 
propeller. The aft engines, during this operation, are constantly 
working forwards, and, having a greater power than the fore 
engines, keep the boat against the ice. 

This ferry-boat having proved a success, the "St. Marie" was 
built in 1892-93, somewhat more powerful and longer. In order to 
take seventeen or eighteen cars, whereas the "St, Ignas" carried 
only ten. Further, the ratio of the power of the fore and aft 
engines was changed, the fore engines being given the greater part 
of the increase, or, in all. 800 H. P., at 100 revolutions per minute, 
while the aft engines developed 2,200 H.P. at 90 revolutions. The 
compound system was again adopted. The principal dimensions 
of the "S\ Marie" were as follows: — 
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Length 5041L 

Breadth 50 ^t. 6 in. 

Depth 24 ft. 

Dravfitt 17 ft. 

In 1892 the Craig SbipbuUding Oomimiiy of Toledo built two 
smaller ferry boats for the Frankfort-Keraunee Co., named *' Ann 
Arbor I." and ''Ann Arbor II," the principal dimensions of "Ann 
Arbor I." being: — 

Length over all 267 ft. 

Breadth 52 ft- 

Depth 18 ft. 6 in. 

Draught, loaded 12 ft 

Draught, light 9 ft. 10 in. 

The fore-engines, compound, 550 H.P., at 95 revolutions per 
minute. Aft-engines, twin screw compound, 1,160, total H. P. at P3 
revolxutions. Aift-pix>peller, diameter 9 feet, and fore-propeller, 
8 feet 3 Inches. 

The "Ann Arbor II." has a slightly larger hull, but the same 
engine power and diameter of propellers. The good results obtained 
with the American Railway Ferry boats were awon appreciated in 
Europe. One of the most difficult and expensive parts of the Trans- 
Siberian Railway is along the Great Baikal Lake, and it was there- 
fore decided to follow the example of the Americans and build a 
powerful steam ferry boat to carry the trains across the lake, leav- 
ing the construction of the line round the shore for a future opera- 
tion. The Russian government subsequently ordered a steam ferry- 
boat of the American type to be built by Messrs. Armstrong, 
Whitwoith & Co., of Newcastle, in the year 1895, with dimensions; — 

Length over all 290 ft. 

Breadth on main deck 57 ft. 

Breadth on water line 53 ft, 6 In. 

Depth 28 ft. 6 in. 

Draught in fresh water, laden aft 20 ft. 

Draught in fresh water, laden forward . . . . 17 ft. 

She is to carry 25 cars, weighing 500 tons, with fuel, stores, 
spare gear, passengers and luggage, 250 tons. The indicated H.P. 
is to be not less than 3,750. 

Further particulars of this ice-breaker and several others, with 
plates, are given in the paper. Of the larger and more modern 
vessels of this character ma^y be mentioned the "Brmak." ("Engin- 
eering News,'* New York, 1899, No. 2, page 31; No. 17, page 265. 
"EJngineering," London, 1899, 24th February and 31st March.) She 
is 305 feet long, 71 feet broad and 42 feet 6 inches in depth. 
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The ice-belt is 20 feet broad, and between 1^ aiui 1 1-16 indiea 
tUck, tbe maximuin thickness being amidships. The main frajnes 
are spaced at 24 inches, but intermediate frames are fitted in the 
way of the ice-belt, and Webb frames are furnished at intervals 
between the bulk-heads. There are four sets of triple expansion 
main engineB, driving three screw propellers aft, jand one forwanL 
flSaob lOutft Is jcnnm08d to be diflooosected fmm the Main epgifPHy 
and geared to an auxiliary compound engine, the intention being 
to work only the auxiliary engines when full speed is not required, 
and thus save fuel. The advantages of this arrangement over the 
more simple way of working only one or two main engines is not 
very apparent, however, and complication in the way of machinery 
is not desirable in a vessel of this description. The propeller 
blades are of nickel steel, and all shafts are from 35 per cent, to 60 
per cent stronger than required by Lloyds. The total power is, 
according to the contract, 10,000 H.P. The boilers are double 
ended, placed athwart-ships, their diameter being 15 feet, and their 
length 20 ft. 6 in. The heating surface is 27,600 square feet, forced 
draught being used. The stern propellers are 14 feet in diameter, 
the oentraJ propeller having a pitch of 14 ft., and the wing pro- 
pellers a pitch of 14 feet 6 in. The forward propeller is 13 feet in 
diameter, with a pitch of 13 ft. 6 in. The vessel can carry 3,900 
tons of coal. The power of the fore-propeller is only 25 per cent. 
of the total power. Accoi^ing to the American experience it is 
desirable to have the power nearly equally divided, or say 45 per 
cent, on the fore-propeller. 

Reference is made to a former paper by the same author on the 
same subject (Minutes of Proceedings Inst. C. E., Vol. XCVII., p. 
'277), in which is given (a) an exhaustive treatment of the theoreti- 
cal considerations governing the resistance of ioe, and the acti>n 
of Ice-breaJting steamers; (b) the points of practical importance 
in their construction, and (c) full particulars as to dimensions, etc., 
of numerous vessels of this type, with notes of their performance 
under varying conditions of ice 'and weather. 

Both papers are accompanied by plates showing lines, sections, 
etc., of the vessels described. 

It is thought that these papers will, at this juncture, have a 
special interest for the Can. Soc. C.E., in view of the steadily increas- 
ing proportions of the trade of the Commercial Metropolis of the 
Dominion, the great drawback to its progress due to the closing 
of its navigation' for five months in the year, and the tremendous 
Importance of the attempt said to be in contemplation to raise the 
Icersiege by means similar to those employed with such gratifying 
'success in the waters of Northern Europe. 

0. B. W. D. 
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DISCUSSION. 

Mb. Mabceau said that he was sure that the navigation of 
canals in winter in this part of Canada was quite impossible. The 
ice formed early in November, and by the end of the month, It 
might be about 4'' or 5'' thick, but sometimes did not form imtil 
the middle of December. It would be quite possible to break this 
ice, and he had seen boats come through the Lachine Canal with \" 
and 5'^ of ice, but it was hard on the boat to get through it, and 
harder to handle the lock gates, for the ice accumulated behind 
them. As the ice became thicker, it would take a great deal more 
time to lock the ice than to lock the boats. If water was kept 
open in the canals, frazil was sure to form and block the sluices. 
He thought that in a current of about a mile an hour, frazil would 
form if the water were open. He was sure frazil would form in 
greater or less quantity. 

Mb. Rooebs thought that on th« Trent C^al, navigation could 
be kept up through the winter. On an isolated lock it might be pos- 
sible, but with a number of locks he did not believe it could be ef- 
fected in a practical manner. In the spring, when the ice was 3' or 
Af thick, the only way to get rid of it was to allow it to melt. 

In the fall, some boats came down about the beginning of 
December. It might be possible to keep the canal open until the mid- 
dle of December, but only a few boats ever passed down after the 
end of November. Ltast year there were three or four boats that 
came down on the 4th of December. In the spring, the month of 
May was the time of opening. The canal was emptied for necessary 
repairs, and the ice must be allowed to melt. This year the ice 
was 4^ and 6' thick in many places. The canal was practically clear 
of ice about the middle of April. 

Mb. Kebby said that he noticed in regard to the first locks 
90ing up from the harbour that the lock at Black's Bridge was 
nearly always clear of ice through the whole winter, while in the 
lock immediately above it, the ice must have been 4^ thick. He 
asked for an explanation of this. 

Mb. Mabceau observed that the return pipe from the Montreal 
Street Railway works emptied into the canal near the lock referred 
to and discharged hot water, thus preventing the ice forming. 

Mb. J. L. Welleb asked tf it were the ice that stopped naviga- 
tion in the fall and early winter on the great lakes. He was of the 
opinion that the Ice had very little to do with it, and that if it were 
the only drawback to navigation, the problem would soon be solved, 
and we should see vessels navigating the great lakes well into the 
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new year if not all winter. Ab a matter of fact, very few vessels 
stayed out after the first week in December, although it was well 
known that there would be no ice for another month that an ordi- 
nary steel boat would not go through with ease, 'there was prac- 
tically no ice in Lakes Erie and Ontario until well on in January. 
The closing of navigation was due to a well defined feeling 
of insecurity on the part of the Insurance Companies, vessel 
owners and masters. Because vesiSels navigate the ocean 
with safety in the winter, and enter ice bound ports, it did not 
follow that they would be able to do so on the lakes; heavy winter 
storms prevailed there, and our boats were not built for these 
storms, and in our lakes, large as they were, there was absolutely no 
sea room to ride out a snow storm of any duration. The season of 
navigation on our canals could, no doubt, be lengthened If there 
were any necessity for it, but at present there were only a few ves- 
sels going through them during the last two weeks in the falL 
By keeping up a moderate current in the canals, the formation of 
ice was much retarded, and there should be several weeks differ- 
ence in the date of closing a stagnant canal and one in which 
the flow of water was judiciously governed, and in which boats 
were moving continuously. 

Mb. R. B. Roo'ebs remarked that as regards the formation of lee 
on, or the winter navigation of the St. Lawrence, he -could not speak 
from knowledge, but as the success of winter navigation on the 
Trent Canal must depend upon that of the St. Lawrence, he gave the 
following notes on the subject It was intended that the main part 
of the traffic on the Trent Canal would be carried by tows of barges. 
The route was through lakes and rivers. The lakes varied from % 
to six miles in width, frotn one to twenty miles in length, and from 
10 to 20 feet in depth, and included Lake Simcoe, which was a small 
inland sea. The width of the rivers varied from 399 to 600 feet, and 
their depths from 8 to 16 feet. The lakes and parts of the quieter 
portions of the rivers froze over and the ice had a thickness of 
about twelve to twenty-four inches by the middle of February. The 
first freezing over took place about the IBth or 20th of November, 
and this ice was about 4 or 5 inches thick. This stopped navigation, 
but, as a rule, the ice melted in about a week's time, or became 
much thinner, and navigation was again open for two or three 
weeks. The ice, up to the 1st of January, was not more than ten to 
twelve inches in thickness. If a current was allowed to escape 
through the valves, no ice would be formed about the lock or lock- 
gates to prevent the working of the gates, even in the severest 
weather. He saw no reason why rfavlgation should not be kept 
open from one end of this canal to the other, from the 1st of April 
to the 1st January — a period of nine months — at a very small 
cost. He could see no physical reason why navigation should 
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not be kept open the whole year around, but whether it would 
be a commercial success would have to be determined by exper- 
ience. There was one element In favour of an all year navigation, 
that was that the wages of vesselmen would be much lower in sum- 
mer than at present, if engagements for the whole year were made. 
The first ice on our lakes, where the water was still, with an air 
temperature of about five to ten degrees below zero in the night, 
and of about five to ten degrees above zero in the day, formed to a 
thickness of about 4 inches in 36 hours. Another such night and 
day would not increase the thickness over two inches, and a third 
such day probably not over 1^ inches, the rate of increase in thick- 
ness of ice depending on the temperature. In our rivers, where 
there was a perceptible current, the ice never attained any great 
thickness, and was never safe to drive over; this was, owing to 
the warmer water coming from the bottom of the lakes, which 
was warmer than the surface water below the ice and wore 
away or prevented increase in thickness of the ice already formed. 
To keep navigation open till the 1st of January on this canal, 
no extra or special construction would be required beyond sheeting 
the bow end of the leading boats with iron, and having some simple 
device, such as an 8" "I" Beam attached to the bows to run upon 
and break the ice a few feet ahead of the vessel. To break the 
ice about the 1st of March, would require a boat of somewhat^ 
special construction, but it need not be an expensive vessel 
as the ice was pretty well rotted away by this date. To keep 
navigation open the whole winter would require some vessels spe- 
cially constructed for the purpose. As the traffic in this canal was 
intended to be carried on by tows of barges, the leading vessel or 
tug woul^ require to be specially constructed. 

Mr. C. R. Coutlee remarked that ice formed at the rate of about 
an Inch on the first night, increasing in a couple of days to 6 inches, 
and If cold weather continued to 10 and 12 inches in December. Its 
general thickness was about two feet from January to March; but it 
was. found as thick as 4 feet, and sometimes in several layers. 
In March, thick ice was on lakes, covered with soft snow, 2 feet 
deep. Crevices had formed due to expansion, and along these lines 
openings began. At places, surface ice was underlaid with frazil 
and cakes, which had drifted in and some times packed down to the 
bottom. This spongy dam lessened cross-section and caused cur- 
rents at other points, which wore the underside of ice field by attri- 
tion of blocks carried beneath. Melting began early in March, and 
ice gradually covered with water, which made a slush of surface 
snow, the temperature being + OC. Another source of water on the 
ice was the creeks and general drainage; this flow was at tempera- 
tures slightly above freezing point. " Honey-combing " took 
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place and the ice sank lower in to the water. This was due to 
the breaking down of the sides of the ice cells and the conse- 
quent escape of the imprisoned air which had buoyed up the 
ice. Once honey-combed and sunk, a wind, a current or a slight 
rise in temperature soon broke up the field. A feature of de- 
parting ice was the detachment of large flows, which floated 
about at will of wind or currents. In currents less than 2 miles per 
hour, ice would take during severe weather. Grenerally a field fioat- 
ed in and jambed across, forming a boom, against which cake ice 
was arrested. Frequently the cakes turned on edge, owing to the 
current forcing them underneath. Winter navigation between 
Montreal and Quebec was a matter of money. If the trade merited 
the expenditure, a passage should usually be possible, and some 
sl^ips might come up or a specially equipped line of steamers might 
develop. As a fiight of imagination the probable work of a seaa<m 
might be described: — 

Everything would require to be in readiness for the last week 
of November. Steel clad propellers, with saucer shaped bows to 
mount the ice, would be required to patrol the channel. An equip- 
ment of each boat would likely be ice plows,* ice saws, ice channel- 
ling chisels and pounders working from steel booms at ends and 
Bides. A liberal complement of labourers, tools, explosives and 
plenty of coal would be necessary. Along the open strip the edge 
ice would be wave-lapped and thickened accordingly, so that large 
floes would constantly be breaking ott. Frazil ice would slip in from 
beneath the fields alongside and roll along the open slip. This loose 
ice should be constantly herded along and floes swung across the 
road should be cut up. Edge ice was also liable to cut the sides of 
ships. A collection of frazil at any point might render further navi- 
gation Impossible. The Russian Ermac, a powerful mass of steel, 
armed with screw agitators and able to force herself at ten miles per 
hour through thick hard ice, was as helpless on a bank of slush as if 
she were on a sand-bar. The open strip resembled a very wide crev- 
asse and these were constantly closing, the edges crushing together 
with tremendous force. Thus the work of days might be nullified 
in an hour, and a valuable vessel and cargo pinched flat. To allow 
of berthing at docks, large areas would have to be cleared and con- 
stant care exercised to prevent the ship freezing against the wharf 
face. A shove in the harbour might also cause great damage. 
At Montreal, the canal navigation would begin. The flrst dif- 
ficulty would be to keep cake ice from behind the gates to allow cf 
their shutting back into the recesses, and a still greater difficulty 
would be to keep frazil out of the lock chambers. This would form 
in the currents necessary to filling the locks and give no warning 
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of its presence till everything was blocked with "water pulp." The 
surface ice in the breaches might be broken by raising and lowering 
the level, *but the broken cakes would have to be got rid of. This 
ice could not be hauled up on the banks, and even with a fair wind 
its passage through the locks would be a tedious business. During 
the early winter the conditions were always worse till the beginning 
of March; after that they improved rapidly. To assist nature in the 
spring break-up, therefore, 'seems more logical, and this had been 
practiced in Inland waters very generally. The ferry Str. "Pier- 
pont" had forced some very early crossings at Kingston, but some- 
times the whole field — miles in ertent-— through which she was cut- 
ting, had moved en masse, and carried steamer and all off in the dir- 
ection of the willing wind. The Canada Atlantic ferry, plying between 
Coteau and Clarke's Island, until 1889, was once carried willy-nilly 
down stream in a detached field. Great difficulty was experienced 
from frazil about the docks, which had to be removed by explosivea 
and labourers working day and night. The ice bridge at Quebec, 
had been removed by explosives. Powder charges were placed in 
coal oil barrels, which were sunk beneath the ice, the air space of 
the barrels being pointed in the direction of the required blow. Ice 
fields of large extent could be moved by a tug pushing bow on. 

Mr. R. Bickebdike, Jun., remarked that It was doubtful if 
Montreal would ever become, commercially, a winter port. The 
most that would be expected at least for a great many years, was 
that the season would extend from March 15 to Dec. 15, or ^ gain of 
about 2% months over present period of navigation. With an ice- 
breaker of moderate power, there was no difficulty in keeping the 
river open for 9 months in the year. After March 15 (if the river had 
been kept open all winter, or opened about March 1), the buoys and 
lights could be placed and it then became a question of gulf ice alone. 
Many alterations would have to be made in the ship channel be- 
fore Montreal would become a winter port, and It was more in this 
connection than with considerations of ice-breaking, that difficulties 
might be expected. With a river full of floating ice, buoys and 
light-ships were useless, and in winter, many of the shore marks, on 
which the pilots were supposed to depend, were so altered in ap- 
pearance as to be unreliable. At present the channel was being im- 
proved by eliminating some curves, widening from 300 to 450 feet 
(wider at curves), and deepening to 29 feet at the lowest water on 
record, giving a gain of from 3V^ to 4 feet. With the channel im- 
proved as above, and with permanent marks and an ice-breaker 
continuously at work, the channel, from Montreal to Quebec, should 
be navigable all winter. Between Montreal and Quebec there were 
four critical points for ice bridge formation, viz.: Sorel Islands, 
Pointe du Lac, Grondines and Cap Rouge; and if lee jams were pre- 
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vented at these places, ice of two feet thickness would practically 
never be encountered. With a Jam in Sorel Islands, ice piles in 
places 10 to 30 feet thick. , 

Mb. St. Geobge Boswell remarked that within the last few 
years, the public of Canada had become interested in the question 
of winter navigation of the St. Lawrence. This W€ls largely due to 
the fact, that on the Baltic, and on our great lakes, it had been 
practically demonstrated that the presence of ice offered no insur- 
mountable obstacle to navigation. In regard to the winter naviga- 
tion of the St. Lawrence below Quebec, the opinion of experiencea 
pilots and navigators, familiar with the condition of the river in 
winter, was usually in favour of the project^ (FWe, "Quebec Morning 
Chronicle" of Jan. 2, Jan. 10, and Jan. 16 instant). They stated 
that from the Traverse down, there was open water to be found 
along the north shore, the prevailing currents and winds holding 
the ice against the south shore; and that the only danger to be ap- 
prehended was that from a vessel being caught in a snow storm, 
while in the Traverse; and they considered that, with mooring 
blocks erected at various points above and below the Traverse, to 
which vessels could be moored during a snowstorm, there would 
be no difficulty In winter navigation, with well built ships. In fact, 
successful winter trips to the Lower St. Lawrence had already 
been made on. several occasions, and this by vessels not well adapt- 
ed for the purpose. In one instance a steam schooner, with small 
propelling power, left Quebec on the 12th of March for the Strait 
of Belle Isle, and reached her destination without difficulty. In an- 
other, a similar schooner left for Murray Bay on the 16th of Dec., 
and returned on the 24th of March. Again, a steam schooner left 
on the 22nd of December, and one on the 17th of February, bound 
for the Gulf, which was reached without any hindrance from ice. 
Between Quebec and Levis three ferry boats were kept in ser- 
vice during the winter months, and were able to make the crossing 
in all weathers, this too in an easterly gale of wind, when the float- 
ing ice became packed against the Quebec side of the river, mak- 
ing an almost solid mass of ice, one half a mile wide, through which 
the boats had to force their way. Below Quebec, where the river 
opened out and was more directly east and west, the ice did not be- 
come packed in the same way. and would not offer a serious obstruc- 
tion to a well built and fairly powerful steamship, should she have 
to force her way through it; this would, however, seldom happen, as 
there was generally a fairly open channel. The greatest difficulty 
with the ice would probably be at the entrance to the Gulf, between 
St Paul Island and Cap Ray. Here, owing to wind and current, the 
ice from the St. Lawrence and Gulf became blocked, and occasion- 
ally formed a so-called bridge across the straits. This "bridge" did 
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not, however, form before the middle of April, and so would affect 
the present summer navigation, and not the winter navigation under 
dlBcussion. (See "St Lawrence Pilot," VoL 1, 1894). The conclu- 
sion, which the available information on the subject would seem ta 
point to was, in his opinion, that winter navigation of the St. Law- 
rence up to Quebec was entirely feasible, under the following con- 
ditions: — 

1st That vessels, somewhat more strongly built than for ordi- 
nary purposes, be employed in the service. 

2nd. That all floating marks, lights, buoys, etc., be replaced by 
permanent structures. 

3rd. That mooring piers be constructed at suitable points, 
above and below the Traverse. 

4th. That a pilot station be established where vessels could 
moor and be in security in all weathers. 

He had never seen frazil ice in the St. Lawrence River at or 
below Quebec. 

Mb. J. M. Shaxly observed that in the Bale des Chaleurs, as far 
down as Paspebiac, the ice formed solid along the shores and in the 
bays, but a shbrt distance out the water remained perfectly open un- 
til about the middle or end of Jan'y. ; after that floating ice began to 
gather, and sometimes extended as far out as could be seen, but it 
was always in motion and never seemed to be in very large masses, 
so that a steamer. If properly equipped, would have very little trouble 
in getting 'through it. This ice disappeared entirely about the begin- 
ning of March. When the "Gaspesia" made her first trip, a few 
days before Christmas, the Bay was as clear as at midsummer. On 
ber second trip, in January, she got in all right, and on leaving, 
found no difficulty until well out in the Gulf, when near the Mag- 
dalen Islands, she ran into an ice floe and remained there for six 
or eight weeks, and apparently a few miles to the northward there 
was open water all winter. The whole question of winter naviga- 
tion seemed to him to depend on the Gulf itself; and no one seemed 
to know how the ice acted there, but there were a number of vessels 
which w«nt there every winter after seals and seemed to get about 
without much difficulty. 

Mb. J. S. Armstrong remarked that the following notes in refer- 
ence to ice in the Shubenacadie River had been used in connection 
with a specification for a railway bridge, but might be of interest as 
a record generally applicable to the rivers near the head of the 
Bay of Fundy. Here the tides swung back and forth with the reg- 
ularity of a pendulum, and rose and fell about equally above and be- 
low mean sea level, but varied with the influences of sun. moon and 
Wind. The flux and reflux varied in height and Increased from 
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the open ocean towards the head of the bay where the extreme 
play was said to be from 50 to 60 feet. The highest record known to 
him was 45 feet at the mouths of the La Planche and Missegash 
Rivers, close to the boundary between Nova Scotia and New Bruns- 
wick. These tides rushed very rapidly through the narrower waters 
and poured in and out of the rivers whose beds were so much above 
the elevation of low tides, that they were left nearly bare for a con- 
siderable time. At the mouth of Five-Mile River the tide ran at its 
greatest rate, about three quarters of an hour after it commenced to 
come in, where the water had an elevation from 10 to 15 feet below 
extreme high water and a velocity of nine miles an hour. The ice 
in the Bay of Fundy and the Strait of Canso was not generally like 
that in the St. Lawrence at Quebec — not nearly so hard and brittle, 
more like snow ice, except that the bay ice was largely coloured 
with red mud. During the last two years the ice had not been as 
heavy as it was often claimed to be in the Strait of Canso. The ice 
there usually originated in Bay St. George and the Gulf of St, Law- 
rence, and was brought down with a north-west wind and a tide set- 
ting south, and often formed a jam at McMillan's Point, the nar- 
rowest place on the strait, leaving the strait south of that practically 
free of ice. Then again in the spring with south-east winds there 
was liable to be a flow of what was locally called the southern ice, 
which was ice that had worked round the eastern end of Cape Bre- 
ton, or the far heavier ice from the Arctic that came round New- 
foundland, and sometimes streamed southward as far as Halifax. 
The smaller ice when driven by the wind packed very solidly, piling 
piece upon piece on the lee side of the flow which rendered it very 
difficult for a vessel of moderate power to work out, if caught be- 
tween the flow and a lee shore. 



Notes on the Shubenacadie ice: — 

About four miles above the mouth of Five Mile River, near 
Cove Creek or River Side, the river freezes over and remains so untH 
spring. Below that an ice wall forms on either side of the river, and 
between these walls the ice forms into blocks. These blocks grind 
against each other until they settle and become frozen down to the 
flats. They then begin to grow thicker by the deposit of snow 
(which is wetted by the tide and turned into a porous ice), and by 
other blocks settling on top and freezing to those below. Mud and 
sand are carried on to them by the tide. Sometimes during the 
winter they lift from the flats, but when they are large this does not 
take place until the tide is nearly high, and the current is not strong. 
When they lift from the flats, they bring up a lot of mud and sand. 
So they grow in weight and height, and when floating they do not 
rise much above the water. 
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Tbe ice walls form the heaviest ice, but they do not lift except 
with the very highest tides, and they do not float off and get into 
the current until they are much wasted and broken up, in the spring. 
They are then honey-combed and rotten. In the blocks there are 
sheets, layers or parts that are hard, while other parts are much 
softer. During the winter the only ice that floats freely in the current 
is in the channel, where ice of a moderate thickness runs back and 
forth continually. Sometimes in the fall very large sheets of salt 
water ice come up the channel — perhaps an acre in extent — but they 
are not like the blocks that form on the flats. They are supposed 
to be thin, soft and slushy. The heavy ice gradually wastes away 
and works out in the spring; only a few of the large lumps work 
into the channel and are carried out, never coming back again. The 
largest lumps are, say 20' x 30'^ x 15^'. Most of the ice that runs out 
In the spring is what comes from where the river freezes over, and 
when this breaks up it is rotten and becomes very much broken be- 
fore It reaches the mouth of the Five Mile River. In the Shubeca- 
cadie, where the Railway line crosses near the mouth of the Five 
Mile River, the channel is of a well-defined width, extending from 
the Rocky Bank a quarter of the way across. The channel at this 
point never varies from this position either in winter or summer. 



Thursday, 11th April. 

Mb. G. H. Dugqan, Vice-President, in the Chair. 

Ihe following donation to the Library was reported: — 
"Water Supply Engineering," from Walter M. Scott, S. Can. 

8oc. C.E. 

The dlBcussion on "Winter Navigation Through Ice*' occupied 

the evening. 



Thursday, 26th April. 

Mb. H. Ibwin, Member Of Council, in the Chair. 

Messrs. W. McL. Walbank, E. S. M. Lovelace, W. Chase Tham- 
soa, J. Q. Legrand. W. A. Clement, H. Irwin and R. A. Ross, having 
been appointed scrutineers of the ballot for the election of members, 
reported the following elected:— 

Mekbebs. 

H. D. Bush. H. E. T. Hauxtain. 

A. A. Dion. W. C. Johnson. 

P. H. Obose. W. Mubdoch. 

Associate Mekbebs. 

A. G. JOANNIDIS. F. G. Mackie. 

A. T. Kebb. O. W. Smith. 

G. D. Macdoitgall. D. Weathebbe. 

Associate. 

U. P. Boucheb. 

Transferred from the class of Associate Member to the class of 
Member: — 

C. R. Coutlee. E. S. Mattice. 

Transferred from the class of Student to the class of Assodats 
Member: — 

J. A. Douglas. E. P. Goodwin. 

A. R. Holmes. 



On the Strength of Steel and Iran, ill 





Students. 


G. E. Bell. 


A. C. D. Blanghabd. 


L. T. Bbay, 


J. A. Heaman. 




Y. D. Ktrton. 



Messrs. E. S. Mattlce, S. P. Bobbins, G. R. Macleod and E. A. 
Rhys-Roberts, having been appointed scrutineers of the ballot for 
the Sunday opening ballot, reported as follows: — 

Members in good standing in favour of opening the rooms on 
Sundays, ^4; those opposed, 58. 

Members in arrears in favour of opening the rooms on Sundays, 
78; those opposed, 14. 



Paper No. 158* 

ON THE EFFECT OF TIME AND TEMPERATURE ON THE 
STRENGTH OF STBBL AND IRON. 

By Ernest Geo. Cokeb, RA. (Cantab.), D.Sc. (Edin.). 

INTRODUCTION 

The behaviour of iron and steel under simple stresses of various 
kinds has long b6en a subject of investigation by the Engineer, and 
very complete data are available for use in designing structures in 
metal. 

When iron or steel is subjected to tensional stress sufficient to 
cause a permanent stretch in the material, it is well known that the 
ductility of the material is reduced, and that ultimately the elastic 
limit rises. 

As a first consequence, however, the elastic limit is first of all 
lowered. In some cases to zero, but if the bar be left to itself the 
elastic limit ultimately rises to a higher value than before. 

In the last few years the phenomenon has received considerable 
attention at the hands of Bauschinger*, Ewing-f- and Muirj. 

The present paper relates to a few experiments which have been 
made in the* Testing Laboratory, McGill University, following the 
lines indicated by the authorities mentioned above. 

I. MEASUREMENT OF SMALL STRAINS. 

The measurement of the change in length of a bar, by such a 
small quantity as 1/50,000 inches has been rendered comparatively 



# TJDwln'^esting of materials of constractlon. 

t EwiDg *'On the meaflnrement of small strains in the Testing of materials and Struo- 
tores" Proc. R. S. 1896. 

t Moir "On the recovery of Iron from overstrain." Phil. Trans. 1899. 
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easy, by aid of extendometers devised by BauscMnger, Un-win and 
Ewing. The instrument mainly used In t>hefle experiments was one 
constructed after Profeseor E}wln£'s design, and has seyeral novel 
features. It is, morooTer, eepeciaily adapted for work where seyeral 
settings of the instrument are necessary. 

II. E3WINQ EXTBNSOMBTBR. 

The instrument is shown In Fig 1, mounted upooi a test piece, and 
ccneists of two dips, A and B, fixed upon the bar at a standard dis- 
tance apart by set screws C, D. Upon the upper clip. A, are two pins 
E. F., upon which latter the frame G is mounted. The frame carries 
a reading microscope H, and a micrometer screw I; this latter gears 
with a conical hole in the lower clip B, and is kept in engagement 
by a spring. The reading microscope is sighted upom a thick wire 
mounted horizontally in a plate, J, and illuminated from behind by 
a small mirror. 



Fig I 
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The clips are made oi ganmet&l, and are formed so as to give sligiit- 
ly when the set screws engage the test piece, and thereby if a slight 
diminution oif section occurs in the bar, While the test is proceeding, 
the screws do not become slack, and one source of error Is thereby 
avoided. 

The clips A and B are each centred upon the bar, and each has 
one degree of freedom with respect to it, viz., that of rotation about 
thedr respective ' set-screws, and by 'causing the micrometer screw 
I to gear with the lower clip, both degrees of freefdom are removed 
and the apparatus becomes a rigid whole. 

In setting a flat tension bar in the Jaws of a testing machine, it 
is diflicult to avoid giving it a slight twist, but by pivoting the frame 
6 upon the upper dip in a transverse direction, a slight twist 
will not cause en-or in the readings. 

The micrometer screw and observation wire are set equidistant 
from the set screws D upon the clip B, so that bh^ wire can be 
moved up. or down by turning the micrometer screw, and this move- 
ment is measured by reference to a glass scale in the eye piece of 
the reading micLX>seope. 

In this manner the scale is calibrated by reference to the micro- 
meter screw, which latter has 50 threads to the inch, and the scale 
is so arranged that a movement of the wire through 1-50 inch cor- 
x^eeponde to a reading of 50 scale divisions. In actual working since 
the micrometer screw engages the clip B, any extension between the 
set screws will cause the relative movement between the reading 
microscope and the wire to be douibled, so that the value of one 
scale division =1-2 x 1-00 x 1-50 = 1-5,000 inch, and as 1-10 
division can be estimated, a reading of 1-50,000 on an 8 inch length 
can be meesured. 

The chief advantage of the instrument is that it can be calKbra/ted 
in position, that the reading is a mean of two sides of the bar, 
and that it can be quicjcly and accurately set on the specimen. 

In order, to set the clip accurately Upon the specimen a distance 
piece is provided, having V shaped recesses to receive correepottding 
studs on the clips, and clamps to hold the clips in place, until these 
latter are set on the bar. 

The apparatus for applying ten<9ional stress was a single lever 

rWickstead testing machine, which was capable of exerting a pull 

of 200,000 pounds. As the stresses used were comparatively small, 

the weigh lever was mounted to cause the jockey weight to travel 

the whole length of the weighbeam for k range of 50,000 pounds, 

land so render the measurement of appUed stress as accurate as 

! possible. ' 

in.— RECOVERY OF 9TBBL FROM TENSIONAL OVERSTRAIN. 

Wlien a bar of iron or steel Is subjected to a tensional stress, 

sufficient to canse a permanent stretch in the material, the physical 
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character of the bar changes, and it becomes semi-plastic, while its 
elaa>tic limit generally reduces to zero, followed by recovery, wnich 
is compcuutiYely rapid in the case of wrought iron, but less so in 
the case of steel. 

As an example of this, the case of a mild steel bar may be taken. 
This bar, and others referred to later, were cu»t from a piece of 
boiler plate, and afterwards straightened and annealed. The bars 
were machined to a breadth of 2.07 inches, and the thickness was 
teft untouched, the mean thickness in the present case being 0.377 
inches, and the lenigth under test 8 inches. 

The Exteneometer used was of the £>wing type, ome division oor- 
responding to 1-50,000 inches. 

A test was first made* to give the bar a permanent stretch, with 
the following results:— 



LfOADS IN Lbs. 


Reading of 

EXTENBOMITEU. 




DIF7BBBKGE. 





400 




—36 


2,000 


435 




-35 


4,000 


470 




—34 


6,000 


505 




-35 


8,000 


539 




-34 


10,000 


573 




-35 


12,000 


608 




-^5 


14,000 


643 




-36 


16.000 


679 




-36 


18,000 


715 




—38 


20,000 


763 






23,000 


Went off scale. 
Extended 
leneth. 




24,000 


8.10 iDches. 




24,500 


8.12 « 




25,000 


8.14 «' 




26,000 


8.16 " 




16,500 


8.155 « 




27 000 


8.166 " 







8.15 *' 





The measuring instrument was immediately re-set to the stasd*^ 
ard distance of 8 Inches, and a re-test was made, rising by incre- 
ments of 2,000 pounds to 24,0(<0 pounds, and then to zero again by 
decrements of 2,000 pounds. The following results were obtained: 
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UlAD IH POUiriMl. 


RVADIXO OF 
EXTEireOMBTB*. 


DiVrERBVCE. . 





400 


-35 


2,000 


435 


—34 


4,000 


469 


-37 


6,000 


506 


-37 


8,000 


543 


-37 


10,000 


580 


-4e 


12,000 


622 


—42 


14,000 


662 


-42 


16,000 


704 


—40 


18,000 


744 


-54 


20,000 


798 


—48 


22,000 


846 


-51 


24,000 


897 








-35 


22,000 


862 


-35 


20,000 


827 


-37 


18,000 


790 


—42 


16,000 


748 


-39 


14,000 


709 


—40 


12,000 


669 


—40 


10,000 


629 


—41 


8,000 


588 








—42 


6,000 


646 


-42 


4,000 


504 


44 


2,000 


460 








—45 


f 


415 





i A comparison of the readings obtained at once shows how differ- 
iently the bar behaves after the tensile overstrain* There is now 
ao linear relation between the stress and the strain, but the latter 
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ria^ irregularly aa the srtrees inoreas«B; tlie dilteteaaeeB are irregular 
and do not agree except accidentally with the diflerenoee obtained 
afl the load is removed. 

The hax was noiw laid on one side, and a gradual recovery of its 
elastic properties took place, which was shown by the approach to 
the first readings made. At the end of three hours there was a. 
marked recovery, and the following readinge were taken: — 



Load, lbs. 


Beading. 


Difler«noe. 





400 


—34 


2,000 


434 


—34 


4,000 


468 


-37 


6,000 


605 


—37 


8,000 


642 


-38 


10,000 


680 


39 


12,000 


619 


—41 


14,000 


660 


—40 


16,000 


700 


—42 


18,000 


742 


—46 


20,000 ' 


787 


—42 


22,000 


829 


—46 


24,000 


876 


—34 


22,000 


841 


—36 


20,000 


800 


—37 


18,000 


769 


—38 


16,000 


731 


-38 


14,000 


. 693 


—39 


12,000 


654 


—41 


10,000 


613 


-40 


8,000 


673 j 


-41 


6,000 


632 , 


-43 


4,000 


489 


—43 


2,000 


446 


—44 





402 
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The te^ ol the bar were repeated at the esid of oae day, 3 days, 
7 days and 28 days, and these showed a further recovery, whoee 
rate diminished with the time, but sut the end ci the month the 
recovery was practically complete. The readings Obtained are shown 
In the annexed table: — 



Load Lbs. 



Beading. 






400 


2.000 


434 


4.000 


469 


6.000 


504 


8.000 


539 


10.000 


676 


12.060 


614 


14.000 


654 


16.000 


695 


18.000 


736 


20.000 


779 


22.000 


822 


24.000 


867 


22.000 


832 


20.000 


797 


18.000 


762 


16.000 


724 


14.000 


686 


12.000 


648 


10.000 


607 


8.000 


566 


6.000 


525 


4.000 


483 


2.000 


441 





398 



1 DAYAFTflSl. 



Beading. 



. 



-34 

-35 

-35 

-35 

-37 

-38 

-40 

^1 

-41 

-4S 

-43 

-45 

-35 

-35 

-35 

-38 

-38 

-38 

-^1 

-41 

-41 

-42 

-42 

-43 



3 DAYS AFTEB. 



Reading. 



400 

434 

469 

504 

639 

574 

611 

648 

686 

726 

766 

807 

851 

817 

782 

746 

710 

672 

634 

696 

556 

617 

478 

438 

397 



-34 
-34 
-35 
-35 
-35 
-37 
-37 
-37 
-40 
-10 
-A2 
-44 
-34 
-36 
-36 
-36 
-38 
-38 
-38 
-40 
-39 
-39 
-40 
-41 



7 DAYS AFTEB. 



Beading. 



400 
434 

468 
603 
638 
674 
609 
646 
684 
722 
761 
802 
847 
813 
779 
746 
709 
672 
636 
596 
558 
519 
481 
443 
402 



-34 
-34 
-36 
-35 
-36 
-36 
-37 
-38 
-38 
-39 
-41 
-45 
-34 
-34 
-34 
-36 
-37 
-37 
-39 
-38 
-39 
-38 
-38 
-41 



i DAYS AjrrEB. 



400 
433 
467 
500 
635 
670 
606 
640 
676 
712 
747 
783 
818 
784 
760 
715 
680 
645 
611 
576 
540 
505 
470 
435 
399 



-33 
-34 
-33 
-56 
-35 
-35 
-36 
-36 
-36 
-36 
-36 
-35 
-34 
-34 
-35 
-35 
-36 
-34 
-35 
-36 
-36 
-36 
-35 
-36 



In order to exhibit the changes in a manner which shows the 
recovery in a striking manner, the results were plotted in Fig. 2 
after the manner first suggested by Prof. Ewing.* A number pro- 
portional to the load was subtracted from each reading, and the 
new reading obtained was plotted instead; this accentuates the 
differences, and as each curve is plotted from a different initial 
point, the recovery is exhibited in a form which can be readily fol- 
lowed by the eye. In the present inetanoe 25 divisions were sub- 
tracted for each increment otf 2,000 pounds. 

Referring to the diagram, curve I. denotes the original stresa 
strain curve, only part of which is shown, as the total exension 
Table I. is 8,250 divisions at a load of 27,000 pounds. Curve II. 
and the succeeding curves show the result of the oversitrain. The 
streesHStrain curve becomes a loop, and the area enclosed is a mea- 
«aiuir on the KecOTery of Iron from Oyeratrain. Pliil. Trans. 1899. 
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Fig. 2 
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sure of the work done on the bar by the loading and unloading, and 
therefore Is a measure of the imp^rfectneee of the elasticity. 

The rest caused a gradual recovery of the metal, and showed Itself 
in the gradual diminution of the enclosed area until at the end of 
28 days the recovery wa« very nearly but not quite perfect. 
SHEAR STRAIN. 

The recovery of iron and steel from shear strain appears to foHow 
the same general law as for tension. It will be sufficient to quote 
the case of a turned specimen of wrought iron, having a diameter 
of .0446 inch, and length under test of 4.00 inches. The specimen 
was subjected to i^ear by a twisting couple, and the distortion be- 
tween the seotions was measured by a strain measuring instrument 
of special design.* The bar was first suJbJected to torque of gradually 
increasing amount until the elastic limit was pasaed. The readings 
obtained were as follows, the calibration of the instrument being 
sudi that 12.8 divisions corresponded to 1 minute of aa>c. • 

•Coker «* on Instraments for Measuring Small Torsional Strains.'* Phil. Mag., 1898 
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Torqiie 
inch lbs. 


^BaaAtng. 


Diif. 


Torqno 
ineh lbs. 


Beading. 


Dur. 








—302 








76 


302 






1489 








-303 


360 




-81 


150 


605 






1568 








—303 


375 




—79 


225 


908 






1666 








—304 


390 




—98 


300 


1212 






1808 








-63 


495 




—142 


315 


1275 






2038 








—64 


420 




—230 


330 


1339 






2648 








—69 


435 




-610 


345 


1408 






Sp«cimeD 


t\7isted 






—81 


450 


through. 




360 


1489 






4<=> 





Immediately after fthe load was released and a new series of read- 
insB obtained, the maximum torque applied being 375 inch pounds, and 
similar observations were recorded at the end of one hour, 3 hours, 
1 day, 4 days and 8 days, the last experiment showing practically 
complete recovery. 

The readings were as foJlows:— 



rorque 
inch 


linmeiliacelyi One hour 
after 1 after 


Ihree hours 
after 


One day 
after 


Four days 
after 


Eight days 
after 


lbs. 


I i I 


I 
Read- 


I 
Read- 


I 


I 




Read- . Read- 


Read- ^ 


Read- ^ 




ing. A 


ing. ^ 



ing. A 


ing. ^ . 


ng. a 



ing. ^ 


" 
















-305! —304, -^01 


—301 


301 


—302 


75 


305 ' 304 ' 301 


301 


301 


302 




—324 —306, —303 


—302 


303 


—303 


150 


629 t 610 1 604 


603 


604 


605 




—324 -312, -307 


—305 


304 


—304 


225 


953 1 922 


911 


908 


908 


909 




—339 —319 


-317 


—314 


307 


-303 


300 


1292 1241 


1228 


1222 


1215 


1212 




-361 —349 


—322 


—316 


310 


—305 


375 


1653 1590 


1550 


1546 


1525 


1617 




—3 3 —301 


—301 


—302 1 302 


-301 


300 


1350 1289 


1249 


1244 f 1223 


1216 




—306 —307 


—304 


—303 303 


-302 


225 


1045 


982 


945 ' 941 920 


14 




—315 


—312 


—309 


—307 1 306 


303 


160 


730 


70 


636 


634 


614 


611 




-325 


—324 


-316 


—314 


307 


304 


76 


405 


346 


320 


320 


307 


307 




—338 


—332 


321 


319 


308 


306 


' 67 


14 


-1 


tl 


-1 ' 1 
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The readilnsB dbtalned are glveu in the albove table, aad are 
plotted on Fi£. 3, after deducting 275 diyision« for each incremeat 
or decrement of 75 inch pounds of torque. The rapid recovery of 
wrought iron is wedl sihown by the looped stress-strain curves 11. 
to VII, and. the rapid <linxinution o(f hy^stereais In otne hour after 
the overstrain is very marked. 

Fig. 3 

525r 




100 200 300 400 SOO 600 

DIVIStONS OF APC 

(Calibrution of instrument - 1 mimde of arc = liS'85 divisioiut) 

THE INFLUENCE OF TEMPERATURE UPON THE REXX)VERY 
FROM OVERSTRAIN. 

It is well known that if a bar of iron or steel be stressed beyond 
the elastic limit in tension, it wMl regain its elastic properties if 
raised to a dull red heat and alloiwed to cool slowly in air or in 
lime, and this process may be repeated again and again without 
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seriouaiy affecting the physical properties of the bar. Receatly our 
knowledge of annealing has been greatly increafied by the discovery 
of Muir* acting on a miggeetion of Prof. Bwing, that a compara- 
tlYely low temperature, etich as that of boiling water will restore a 
strained bar to its elastic condition. As an example of this a test 
made in the McGdU Laboratory shows the effect of boiling water 
upon an oversitralned bar. The specimen was a flat bar of 
boiler plate, width 2.07 inches, thickness 0.375 inch, and length 
under test 8.00 inches. This specimen was similar to the one used 
in the first experiment, and was annealed at the same time. The 
hSstory of the bar is shown by aid of flgrure IV., in which Curve I. 
shows the relation of stress to strain when the bar was subjected 
to a gradually increasing stress. The first notable deviation from 
perfect elasticity began when a total stress of 20,000 was applied, 
and at 25,000 the extension amounted to 8.13 inches, an increase of 
stress to 27,000 pounds, caused a further extension to 8.15 inches. 
The load was then removed, and the bar was exposed for 10 minutes 
to the temperature of boiling water and again re-tested. Curve II- 
sho<ws the resulting stress-strain curve, with a yield point at about 
31,000 pounds, considerably above the first. The boiling was re- 
peated in the same manner, and a new yield point (Curve III.) was 
obtained at 36,500 pounds, while further tests after annealing in 
boiling water grave new yield points at 41,500, 45,600 and finall; 
48,100, when the bar broke, with a total extension of about 15 
per cent. This extension is less by about 6 per cent, than wo'iW 
have been obtained i-f the bar had been stressed to breaking witb- 
cut any intermediate treatment. Even a temperature of 50 degrees C. 
effects a considerable physical change in a bar of overstrained ma- 
terial, restoring its elasticity and raising the yield point. 

THE EFFECT OF TEMPERATURE ON OVERSTRAIN PRODUCED 

BY SHEAR. 

The annealing effect of boiling water is equally marked upon 
material overstrained by shear. As an example, a test was made 
upon a turned steel bar of 0.425 inch diameter, and having a length 
of 4 inches under test. On each occasion the stress was carried 
well beyond the yield point, and was followed by immersion in 
boiling water for 10 minutes. The curves obtained are plotted Id 
Fig. 5. the unit of strain being such that 12.85 units correspond 
to an angular distortion of 1 minute of arc. Curve I. shows the 
Initial stress-strain curve, and curve II, represents the behaviour of 
the bar after 10 mirutse' immersion in water at 100 degreeis C. 
The remaining curves III. to IX. show the relation of stress to 



* Mulr loc. clt. 
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i3 train after each subsequent annealing In bodling water. After 
each stress and' subsequent heating, the reoovery was practi- 
cally complete, and the yield point rose after each annealing. At 
the end of 9 separate twists the bar exhibited no change externally. 

. A test of a steel bar was also carried out by Messrs. Blan- 
chard, Clement and Gagnon, Fourth Year students in the Civil 
Engineering Department. A turned steel bar o<C sAmilar quality to 
the previous one was chosen, having a diameter of 0.757 inch, and 
a length under Itest of 8.00 inches. The strain measuring instru- 
ment was a simple graduated circle divided to 15 minutes, and 
readings could be estimated to 1 minute of arc. Bach separate a|>t)li- 

cEtion of twisting moment was carried beyond the yield point. 
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and woA followed by immersioiEi in water at 50 degrees C. for IS 
nxinuteB. Even' this low temperature was sufficient to cause a very 
effective recorery to the elastic condition, the recovery being in 
aU cases accompanied by a rise in the yield point. The data ob- 




•' ^ it k' Hf v^ 2^' ikr Kt m' 4i 

tained are exhibited in Fig. 6, and the history of the treatment of 
the bar is told.by the curves marked I. to XV., I. being the initial and 
XV. the final curve of the series. Even at the end o«f the fifteenth 
twist, when the total permanent twist had reached .270 degrees, there 
seemed no probability of the bar fracturing. 

The remarkable effect of a slight increase in temperature in re- 
storing an overstrained bar to approximately its primitive ooaditlon 
may ultimately prove to be of consideraible practical importance, 
as it affords a means of annealing, which, although not as perfect 
as that accomiplished by the blacksmith, has the advantage that 
polished surfaces of iron and steel retain their polish and are not 
distorted by the process. In bridge structures and the like, exposed 
to repeated stresses and corresponding fatigrue of the metal, the 
suggestion that this fatigue may be partially counterbalanced by 
the heat of a summer's day may not be so improbable as it at 
first sight seems to be. 

THE EFFECT OF LOW TEMPERATURE UPON THE 

RECOVERY FROM OVERSTRAIN. 

It is interesting to determine what action low temperature, such 

as that afforded by a Canadian winter, has upon the behaviour of 

steel after overstrain, and in order to contrast this with recovery at 
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the temperatixre of the Laboratory, viz., about 68 decrees Fahr., a 
sx^ecimen was taken similai: to the one descri'bed with reference 
to Fig. II. and the accompanying tables. The bar wae 2.07 inches 
in breadth, and had a mean thickness of 0.378 inch, the len^h 
under test being as before, 8 inches. The specimen was first per- 
manently stretched in exactly the same manner as in the previous 
case, an^ a comparison of the appended table with that on page i 
shows a very close agreement. 

December' 15th, 1900. 



Load, 






pounds. 


Heading. 


A 





4 


-34 


2,000 


434 


-36 


4,000 


470 


—36 


6,000 


506 


—35 


8,000 


541 


—33 


10,000 


674 


—34 


12,000 


608 


—34 


14,000 


642 


—35 


16.000 


677 


-34 


18,000 


711 






-33 


20,000 


744 


—42 


22,000 


786 


-82 


24,000 


868 




26.000 




8 08" 


27,000 




8.12" 


27,500 




8 16* 







8155" 



The specimen was then exposed to the outside temperature for 
3 days, during which the temperature varied from a minimum of —2.5 
degrees Fahr. to a maximum of 11.2 degrees Fahr., and it was then 
snbiected to a cycle of stress ran-ging from zero to 24,000 pounds. 
The results are recorded in Fig. VII., Curve I., and a comparison 
with Fig. II shows It to have a fair agreement with Curve III. of 
that figure. The bar was again exposed to the outside temperature, 
which had a mean value during the nexlt four days of 18.52 degrees 
Fahr., a minimum value of —2.5 Fahr., and a maximum value of 31.72 
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28000 



24000 



20000 



^ 16000 



a 
z 
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a 



12000 



8000 



4000 



On the Effect of Time and Temperature 

Fig. 7 




SCALE 

^gr«es Fahr. A second test, 



DIVISIONS 

on Decemiber 18th, ahofwed' very 



little change in the condition of the bar, aa will be seen by com- 
paring the figures in Table III. wifh those previously obtained, 
and the bar was therefore given a long rest through the re- 
mainder of December and the whole of January. The mean tem- 
perature for the remaining days of Deoemlber was ^.64 degrees 
Fahr., the highest 39 degrees Fahr., and lowest 0.6 degree 
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Fahr. During January the m«an temperature was 12.75 degrees 
Falir., the lowealt temperature recorded being — 16.7 degrees Fahr., 
and the hdgheet 39.6 degrees Fahr, The bar was tested again on 
February 1st, see Table III. and Curve III., Fig. VII., and, as will be 
seen, it exhibited some slight indications of recovery, but very small 
in comparison with the recovery which would have been effected by 
the ordinary indoor temperature. A final test was made on Feb. 26, 
the mean temperature during the interval being 12.46 degrees Fahr., 
with a minimum of —4.0 degrees Fahr., and a maximum of 28.4 de- 
grees Fahr. The recovery during this period was practically nil. 
It appears, therefore, that low temperatures tend to retard the re- 
cov^y of steel, which has been subjected to overstrain, in quite 
marked degree. 

TABLE III. 



Load Lbs. 


Due. W, 1800. 
1. 

Reading. ^ 


DEC. 22ND. 

11. 


Feb'v IST. 

III. 


Fbb't 26th. 
IV. 


Heading. A 


Reading. ^ 


Heading. A 




2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

14,000 

16,000 

18,000 

20,000 

22,000 

24,000 

22.000 

20,000 

18,000 

16,000 

14,000 

12,000 

10,000 

8,000 

6,000 

4,000 

2,000 




400 ~. 
434 -34 
469 -'l^ 
502 -%l 
538 'll 
573 -^ 
611 -^ 
648 -" 
..85 -" 

763 -% 
805 -f2 
849 -\\ 

782 -^ 
749 -;.j 
713 i$ 
679 -^* 
642 -f. 
605 'iL 
567 -f^ 
529 -11 
491 -^ 

m -39 


I34 -3* 

502 i* 
536 -3* 
571 i° 
607 -36 
645 -§ 
683 ^ 
T22 :39 

762 :*" 

S47 ^3 
78.^ .J.. 

•50 "il 

716 :3* 

64b ,0 
t:08 -3? 
573 -^ 
535 -f.1 

412 *^ 


400 ,, 
432 -32 
464 -3* 
498 -34 
531 -3? 
562 -^^ 
599 J; 
633 ^ 
670 -3^^ 
708 -3* 
746 -3« 
7?5 -il 

f9? ^' 
765 " 
733 -32 
699 -3| 
667 -3| 
632 -?.?, 
599 -" 
561 -38 
527 -3* 
491 -35 
454 ^37 

413 -4^ 


496 1 
530 :34 

564 il 
598 _^ 
633 QQ 
671 -3| 
706 -3| 

?'3 =3l 

825 -*? 

T94 io 
762 -3| 

"9 Isa 
696 QQ 
663 -33 
629 it 
594 Zll 
558 ,« 
522 :36 
475 "^^ 
440 _3» 
403 . ** 



In conclusion, the author desires to thank Professor Bovey, Past- 
President of the Institution, who placed the Testing Laboratory of 
McGill University at his disposal; Prof. McLeod, Secretary of the 
Society, who kindly supplied the information regarding the tem- 
perature variations from the McGill Observatory records, and 
Messrs. Blanchard, Clement and Gagnon, who made all the obser- 
vations recorded on Fig. 6. 
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Mr, G. H. Duggan, Vice-President, in the Chair. 

The following donation to the Library was reported:— 
"The Progress of the Century," from Thomas C. Clarke. 

Paper No, 159. 

DISCHARGE OF SEWAGE FROM TORONTO SEWERS IN 1900. 
By Cecil B. Smith, M. Can. Soc. C. E. 

During March, April anjd May, 1891, the discharge of. sewage from 
Toronto sewers was measured by Mr. C. H. Rust, M. Can. Soc. CB.. 
then engineer of sewers, and the results placed before the Society 
in January, 1893 (Paper 71). Since that time the city has taken 
up the question of sewage ^isposafl in a cursory manner only. 
Nothing but preliminary work has been yet entered into, which 
has roughly consisted of levels and projects for various trunk 
sewerB, etc., made at various times in past years, and recently 
cross-eections for filter beds and the measurement of the dry 
weather flow of sewage, whldh were carried out by the writer 
during the win;ter of 1899-1900. 

The determination of the dry-weather flow of sewage was made 
with a view of confirming previous records, amplifying them, and 
establishing recent, accurate data on which to base the designs for 
interceptors, trunk sewers, and disposal works. The gauging was 
undertaken with considerable care, and carried out as accurately 
as possible ; the weirs which had been previously used were re- 
constructed, or repaired, others made, and. to insure accuracy, a 
steel edge was added to the crest of the rectangular wiers in thin 
partition, the weir-depths being taken by hook gauges. 

The setting aad cfhecking of weirs and recording of depths were 
in direct charge of G. F. Manning, A, M. Can. Soc. C. E., while 
the work was done by four of the m-ost trusted and caipeful em- 
ployees of tihe sewer department, and it can be relied on for 
aocuj-acy. 

The records were taken, at each sewer, as wilJ lie seen by the 
charts attached, at each hour of the day and night for five or six 
days, but only during periods when there was no rain or thaw. 
The work extended from Jan. 9 to March 13, 1900. 

The method of procedure was briefly as follows: — ^Weirs were 
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placed just at the upper eidee of the manholes, wedged agalMt 
Btruts and carefulfly puddled, platforms were built in the manholes 
from which to take the observations, after which the hook gauges 
were fixed about two feet up stream from the weips, and adjusted 
in a slot or grooye aJongBide a ooale graduated to >^''. So that the 
zero of the scale and the arrow on the hook gauge arm coincided 
wQien the point of tflie htook wsa level with the crest of the wear, 
the weir-depths could thus be taken off by in8i)ection, which 
lessened any chance of error. A lantern was suspended in the 
sewer and a little practice enabled the readings to be taken with 
great accuracy, as proven by frequent check readings taken by Mr. 
Hanning and the writer. 

The detailed dimensions of sewers and weiiis, and the attachments 
for gauging are shown on Plate I. 

Beftxre commencing oomputations, it was seen to be easier to 
draw up a table of ddlscharges for various widths aooid depths to 
work from, and this was done; this table is appended hereto, be- 
cause it can be applied to any width of weir by using fixed incre- 
mentcr, and may therefore be of use to members of the Society. 
Several authorities were consulted, but the Francis formula, with 
end contractions, was adopted as being probably most accurate 
(see table of discharges for the formula) and in using the table as 
prepaired, a correotion for velocity of approach was made by the 
proper increase in depth of water over the crest of weir, for each 
sewer and depth. The results given for dry-weather flow (Table A) 
show that since. 1891, the dry- weather flow of sewage has increased 
as follows: — 

1891 1900. 

Grose Dry Weather Flow, Imp. galls, per day 13,421,6r» 20,746,473 
Net " " ' ' " 12,972,344 19,847,551 

The net flow being less than the gross flow by the amount of 
sewage or water received by the city sewers from other municipali- 
ties, which amount was gauged in 1900 and estimated for 1891. At 
these same periods the average water pumped by the Toronto 
Water Works was as follows: — 

1891 1900. 

Water pumped. Imp. galls, per day 14,976,000 21,786,500 

w^hich indicates that the same conditions prevail now as 1b 1891 
\. e., that either the pumping records are in error (which is not 
likely), or else that there are 2,000,000 gallons or over per day of 
water pumped which does not reach the sewers, being in various 
ways evaporated, etc., and that there is therefore no gi^eat amount 
of ground water entering the sewers during the winter months. 
The pumping records are furnished through the kindness of 
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Mr. O. L. Fellowor, Deputy City Engineer, and the quantities are 
baaed on accurate teets made in 1898, allowance being made for 
ailipiwge. 

Whether this allowance was sufficient or not is perhaps a de- 
batable point. 

A study of Table A. will show that : (1) The total area sewered is 
approximately 7,426 acres. Tthe population of the city wss (1899) 
by AsBesement Rolls, 192,162, which, judging by previous records, 
should be increased 13 per cent, to give the actual population, or 
say, 217,100, which gives corresponding populations per acre of: 
f 25 ^^, by assessment rolls. 
^28 /ly by estimated population, 
although this varies from 9 ^ per acre to 54 ^^^ per acre on di- 
ferent sewer areas. The dally average flow per acre is 2,794 
Imperial gallons, varying from 890 to 7,439 Imperial gallons In 
different districts. (2) The sewage per head per day varies fiom 
49% Imperial gallons in a thinly populated residential district, to 
724 Imperial gallons In a manufacturing and office building dis- 
trict, but averages: 

\ 105 ^^ Imperial gallons based on Assessment Rolls. 
} 93 j\ " " " " estimated populati<ML 

and it Is noticeaible that all those small siewer systems, like Bay 
Street, Front Street, Eastern Ave. W.. and Berkeley Street, which 
are In business districts, have large flows per head per day, owing 
to the small resident population, and to the liberal use of water 
for elevator work, and manufacturing. The next largest flows 
per head per day are on the Yonge, Church, Jarvis and Bathuist 
districts, all over 100 gallons per head per day. 

These districts are partly business and partly residential, and 
being in the odder portions of the city, have perhaps more than 
their share of leaky water flxtures, defective plumbing, etc. The 
remainder of the sewers mostly run at 80 to 90 gallons per head 
per day (as we must deduct county water from Rosedale and 
Garrison Creek sewers, making them each 90 gallons) based on 
Assessment population, or say 70 to 80 gallons per day for an 
estimated total population of 217.000. (3) Various calculations may 
be made for each sewer to show how long It would take for ^, 1-3, 
^, etc., of the daily flow to arrive at the outlets, but one calcula- 
tion for tlhe whole city will serve as an illustration. It will take 
to arrive at the outlets of all the sewers of the city: 
5 jr hours for ^ of the total dally sewage. 
6 j% " " 1-3 " " 
10 y';, " *' 1-2 " " 
(4) A study of the curves of flow on Plates II. and III. for tJach 
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main sewer, and the curves of gross and net dry weather flow for 
the whole city along with the diagram of pumping records will 
bring out twK) points very erharply. 

First that although the flow of sewage is, of course, 25 per cent, 
to 100 per cent, greater during the day than in the night, yet the 
flow during the **wee sma* " hours is very great, and making some 
allowance for ponding of sewage during the day, in sewers with 
solids deposited on the inverts, which ponding would all get away 
soon after midnight, we have the badd fact that from 1 a.m. to 5 
a.m., the flow of sewage is at the rate of 15,000,000 to 16,000,000 gal- 
lons per day, with as before stated, no probability of any great 
amount of ground water to draw from. 

In the second place, if we take the sewage flow and compare it 
with the pumping records from 1 a.m. to 5 a.m., the cause of this 
flow is evident, for, with reseiToir closed off, the pumping during 
these hours was at the rate of over 15,000,000 gallons per day in 
order to keep up the pressure in the mains. 

Now the writer does not desire to specifically point a moral or 
adorn a tale by trying to dwell at length on the subject of water 
waste prevention, as Toi-onto is no worse a sinner in this respect 
than are most cities of this continent, but it would appear that as 
there is very little water used in the middle of the night, some 
12.000,000 to 15,000,000 Imperial galHons per day must be going to 
waste somewhere, most likely the loss Is caused largely by the 
innumeirable leaks, bad plumbing, etc., of interior fixtures and ser- 
vices. If this is the case, we must look toward proper plumbing laws, 
with proper legal enforcement, rigid, incessant Inspection and super- 
vision of the installation and repairs of plumbing work, and the 
throwing of tho burden on tlie tenant and landlord I oth a** tlie 
means for reducing the consumption to something in the neigh- 
bourhood of 30 to 40 Imperial gallons per head per day, which repre- 
sents good practice in (ireat Britain, a country inhabited by a clean, in- 
dustrious, and industrial i^eople, and what is enougli for them should 
suffice us here. 

This subject of water waste prevention Is alwuys important, but 
particularly so, now that the day is fast approaching when the 
treatment and disposal of the Toronto sewage and that of many 
other Canadian cities and towns must become a subject to be 
grappled with and solved, and then it will be doubly essential that 
the amount of sewage to be treated shall be kept down to as small 
an amount as possible, as the treatment of 20,(XX),00() gallons per day 
of even dilute sewage is a problem, the magnitude of which only the 
initiated are likely to appreciate. At present, there are only a few 
sewage disposal plants of such a size, and of either the septic tank 
or contact bed types none of such a size, and it is probable that 
bacteriological treatment will be the method adopted, when the 
question is finally taken up for solution in Toronto unless it is delivered 
in a crude form at a distance from the city into deep water of Lake 
Ontario. 
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DISCUSSION. 

Mb. S. HowAitD remarked that he had carefully read Mr. Smith's 
paper on the discharge of sewage from Toronto sewers in 1900, the 
measurements having been taken in order to supply necessary in- 
formation for disposal works. The method employed seemed to have 
been well studied, great care having been taken in order to arrive at 
the discharge of sewage during dry weather, and the results should 
be very useful to Engineers designing a system of sewerage, 
especially on the separate system plan. He was unable to 
discuss the paper proper, as it did not, to his mind, admit of much 
discussion. The purpose of the gauging was to find out the dry 
flow of sewage, which had been carefully and scientifically done 
and showed what a difference there was in the supply of water in 
different sections of the City, ranging from 49 gallons to 328 and 
724 gallons per head, the latter being from districts containing 
large offices and factories. This information was of more use to 
engineers designing a water supply system than it was to those 
designing sewerage works, as it showed what a serious amount of 
water ran to. waste at hours when little was being used, caused 
either by householders leaving taps running or by leaky joints in 
mains, and defective plumbing, which should be carefully looked 
into and rectified, if possible. He agreed with the author that 20,- 
000,000 gals, of diluted sewage was a tremendous amount to handle > 
and treat so that the effluent would not contaminate the lake. The 
formulae prepared by Mr. Francis, based on experiments carried 
on at Lowell, was about the most accurate one used in practice, and 
differed very little from those of Bazin and Herschel, and the 
labour performed in the calculations must have been prodigious. 
However, the reading of the paper, and the information gained, 
naturally lead to other topics, and his Ideas resolved them- 
selves into the question of the carrying away of storm waters. 
and the proper data to work upon in designing a sewerage system. 
Knough careful thought was not given to this question. A city or 
town should be laid out in blocks, with contours, the trunk 
sevrers put on, the areas calculated (taking into consideration the 
slope of the ground, the nature of the surface, and the proper rain- 
fall to be allowed per hour) and the sewers properly figured out 
as to size so as to be able to take this water. Rule of thumb was 
too often used without carefully going into future requirements, 
and the fact that the areas would be likely all paved in time. 

In a combined system of sewers, the sewage proper was a very 
small item, the storm waters being the large quantity which had 
to l>e seriously considered. Taking the Toronto sewers running 
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full, the cubic feet of capacity per second was 1,765, whereas the 
sewage from the present population was only 39 cub ft. per second, or 
1-45 of the total amount. This with an increased population of 50 
per cent, would be increased to 60 cubic feet or say 1-30 of the whole 
quantity discharged. As mentioned above, the total capacity of all 
the sewers for the 24 hours was 1,765 cubic feet, and taking off 39 
cubic feet of sewage, room was left for l,72t5 cubic feet per second 
of storm water, which for 7,426 acres drained allowed for the dis 
charge of .5 of one half inch per hour of rain or thaw. Increasing 
the population 50 per cent, bringing the total to 288,000 persons at 
100 gallons per head per day, the sewage would amount to t)0 
cubic feet per second, leaving 1,705 cubic feet for storm waters, or 
.45 of ^^ inch of rain per hour, but with this increased population 
if a heavy storm should occur at 10 a.m., being the hour at which 
the greatest amount of sewage is discharged, the sewers would only 
take .-in or one-uaii incn oi rain per hour. He had talven 
about half a dozen of the sewers in order to arrive at the amount 
of storm water which each was capable of handling, but not know- 
ing the slopes of the ground nor the nature of the pavements and 
surroundings, in order to calculate closely the amount of run off of 
water, the results were only approximate. We were often visited with 
very heavy rainstorms which were nearly always preceded by days 
of light rain, making the surface of the ground almost imperviouf. 
To design a system with the heaviest rainfall would be absurd as the 
sewers would be too large, and too costly. The question would then 
arise how much rainfall per hour should be allowed? Most systems 
were only able to contend against a percentage of one-half inch per 
hour. The sewers of the City of Montreal had been calculated upon 
this basis, which, in his opinion, was too small; to strike an aver- 
age one inch should be allowed for. Heavy rains only lasted a short 
time and no great damage could be done either to cellars or streets, 
if the figure of one inch were the standard, "^aking the Garrisou 
Creek sewer of a diameter of eight feet and draining 2,112 acres, 
the discharge running full was equal to 405 cubic feet per second, 
whereas the sewage only amounted to 9 cubic ft., leaving 396 cubic 
feet per second for storm waters capable of taking .40 of one half 
inch of rain per hour. 

The Yonge Street sewer, drainage 565 acres, had a capacity of 
87 cubic feet of water per second, the sewage proper being only 
7 cubic feet, leaving 80 cubic feet for storm water. This would 
take from the area drained .25 of one half inch per hour. 

The Bay Street sewer, which had the largest amount, of gallons 
per head, was capable of taking 29 cubic feet per second whereas thf 
storm waters, which, with a drainage area of 29 acres, would aUow 
of .6 of 1.60 inches of rain per hour. 



I 



Discussion. 135 

Parliament Street sewer drained 240 acres, but the population 
was the heaviest on the whole district, and its capacity was 84 cubic 
feet per second, and the sewage from this population gave only 
2.33 cubic feet leaving 81.66 for storm waters, equalling .66 of i/^ 
inch of rain per hour. 

Front Street sewer drained 31 acres, and although the population 
was small, still the water supply was heavy, being 328% gallons per 
head. This was the second highest on the list, Bay Street district 
being the highest, and the total capacity was 13 cubic feet per second, 
of which the sewage was only ,43*cubic feet, leaving for storm waters 
12.57 cubic feet or .4 of a cubic foot per second per acre, equal to 
.60 of .66 of an inch of rain per hour, or say .5 of .8 of an inch per 
hour. 

The Rosedale Creek sewer drained 758 acres, and had a capacity 
of 216 cubic feet per second, the sewage being only 2 cubic feet. 
The population was very light, and if it should be trebled there 
would still be -210 cubic feet per second available for storm waters, 
equalling .5 of .60 of an inch per hour. 

The last on the list was the sewer on Lake Street, which had a 
drainage area of 10 acres. The sewer running full had a capacity 
of 30 cubic feet per second. The sewage, with the present popula- 
tion was almost nil, but allowing say 400 persons for this area, 
using 100 gallons per head per day, the sewage would only amount 
to .70 of a cubic foot per second, so that the sewer would take .5 
of 5% inches of rain per hour. From a casual glance he thought 
that one would imagine this sewer to be altogether out of propor- 
tion to the others, but the presumption would be that there were 
overflows from higher sewers discharged into it. 

The Author, in reply, observed that Mr. Stuart Howard's dis- 
cussion was on two points: (1) The difllculty and expense of sew- 
age treatment when such a large amount of wasted water must be 
treated. (2) The proper capacity of sewers in a combined system. 

Regarding the first matter, conditions seemed hopeless in Amer- 
ica when such quantities as 200 to 300 gallons per head per day 
were used in several cities, while in Great Britain, with apparently 
greater industrial demands on a water supply 50 to 60 gallons per 
head per day was found sufllcient. When our people and City 
Councils were educated to the consistent use of meters and rigid, 
thorough, real, inspection of water fixtures in houses and street 
mains was carried out, and when laws governing the use and abuse 
of water were framed and enforced we might hope for marked im- 
provement, but not before. 

In Toronto, of recent years, all lateral sewers had been designed 
to take care of IV2 inches rainfall per hour, since a decision was 
rendered in the courts, fixing this as a limit beyond which munici- 
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pal corporaticms would not be considered liable. Preylous to this, I 
Inch rainfall per hour had been the basis ot calculation. This, of 
course, applied only to laterals and secondary sewers. Trunk sew- 
ers draining a large area were not designed of corresponding capa- 
city as a storm need not be expected to be of this severity and at 
the same time to cover a large territory and continue for an hour 
without intermissfon. 

The formula generally used in Toronto in proportioning the 
flow of storm water in the sewers was that given in Trautwine, 
known as the Burkli-Ziegler formula. 

Cubic feet per sec. per acre reaching sewer = coefficient x 
average cub. feet of rainfall per sec. per acre during heaviest fall x 



V 



av. slope of ground in feet per 1000 ft. 
number of acres drained 



The Lake Street sewer referred to by Mr. Howard was designed 
to be the trunk sewer for a district not yet sewered; this account- 
ed for its apparently excessive size, \yhereas the Queen Street 
sewer shown as emptying by way of the Leslie Street sewer, had 
numerous overflows in to Logan, Morse and Carlaw Street sewers, 
etc. 
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Thursday, 24tli October. 

G. H. DuGOAN, Vice-PreBldent, in the Chair. 

The following donation to the Library was reported: —"The 
Engineer or Architect as the Arbitrator between the Employer and 
the Contractor," by Charles C. Gregory, M. Can. Soc. C.E. 

Paper No. 180. 

ECONOMICS OF RAILWAY IMPROVEMENTS. 
By W. W. Colpitts, M.Sc., A.M. Can. Soo. C.E. 

The question of the most advantageous methods of improving ex- 
isting railway lines, and the eftect of such improvements upon 
operating expenses, is one to which the attention of the railway 
engineer of the present dajr is frequently directed. The object of 
this paper is to outline methods by which the most «conomicaJ 
results may be obtained in operation, and to define a basis upon 
which the yearly value of railway improvements may be quickly 
and accurately estimated ; at the same time to epitomize a vast and 
varied subject Into such brief space as to facilitate its ready appli- 
cation in practice. 

The profession of Civil Engineering has been defined as " the art 
of making a dollar earn the most interest," a definition which in no 
branch of the profession should be more closely adhered to as a 
maxim than in railway engineering. Evidences are to be found on 
every hand of enterprises in which the financial aspect has been 
largely lost sight of by engineers who were desirous of building 
works of monumental excellence rather than of structural utility. 
The result, in many instances, has been the impoverishment of the 
company before the line could be equipped for economical operation, 
or even completed. The promoters of railway projects, on the other 
hand, in their zeal to reduce first cost, have, in many cases, con- 
structed lines of such a character that the expense of operation has 
bankrupted enterprises that might otherwise have proved finan- 
cially successful. Between these extremes there is always a happy 
mean which will give the largest return for the money invested, and 
npdn the engineer's ability to discover the wisest middle course 
may depend the success of the venture. Generally speaking, the 
most economical line to adopt may be defined as that on which the 
sum of the operating expenses and the interest charges on the total 
expenditure are least. 
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Many existing lines, built under limited financial conditions, in 
the expectation of a sufficiently large traffic in the future to warrant 
radical improvements, have been greatly handicapped because of tlie 
failure of the promoters to recognize the paramount Importance 
of adopting the lowest rate of grade which the country would afford. 
Unfortunately, engineers are prone to work to the extreme limit 
of grades and curves, even, to the extent of adopting a maximum 
grade in localities where a minor gradient might as easily have 
been obtained. The result of such lack of foresight is that any 
attempt to Improve the grades involves practically the reiconstruc- 
tion of the whole line. Until the traffic has developed sufficiently 
to justify such radical changes the line is operated under most un- 
favourable conditions, which in numerous instances has resulted in 
the appointment of a receiver. 

However favorable the conditions under which a line is projected, 
there is but a small margin for error either during construction or 
in later improvements. Mistakes in alignment may be rectified, 
structures rebuilt and local sags removed, but the ruling grade of a 
line, once established, is the limiting feature which governs largely 
the expense of operation. 

Many lines, and particularly trans-continental lines, have, largely 
by their own agencies, developed the traffic which they carry, and 
with little hope of immediate return have been built in the cheapest 
possible manner with heavy grades and sharp curvature. 

Later on, with the development of traffic and the impetus of com- 
petition, the line is inadequate to the business, and means must 
be sought for increasing its facilities. Railways constructed under 
such conditions should seldom, if ever, be double-tracked without 
the intermediate step of reducing the grades. This is particularly 
true of lines with but little more traffic than can be handled econo- 
mically and expeditiously. The convenience and rapidity with which 
trains can be operated on a double track line, and the sentimental 
bias of the public in their favor, have been incentives towards the 
double-tracking of many lines, when to have reduced the grades 
would have involved a much less expenditure of money. Viewed 
from a financial standpoint, the latter course will usually pay a 
greater percentage of interest on the investment, at the same time 
facilitating the economical handling of a larger volume of traffic 
than was previously possible. 

In the case of lines with a heavy passenger or suburban traffic, 
the conditions are quite reversed. The question becomes one rather 
of the number of light trains which can be operated rapidly and in 
quick succession, and without danger of delay, than of the number 
of tons that can be handled in a train. To increase the number of 
tracks as the busine.^^s justifies it is evidently the solution of the 
problem. 
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The cost of double-tracking will seldom be less than fifty per cent, 
of the first cost of construction; and in rough country, wh^re It 
may be necessary to completely divert the second track, it wilj more, 
often approach seventy-five pei> cent. Rails and fastenings, ties 
and ballast, will be approximately one hundred per cent, of the 
cost of such items in first c6nstructioh. The cost of grading may 
vary from forty per cent, to sixty per cent, of the first cost, de- 
pending upon the topography of the country ; the cost of bridging 
from seventy-five to ninety per cent. From this it; is evident 
that the traflic of a line must be very considerable, and greatly con- 
gested, if the heavy expenditures thus "entailed cannot be post-, 
poned for a number of years by a reduction of the grades. As an 
illustration of the advantages of our latter course, a reduction of 
a ruling gradient from 1 per cent, to O.i per cent, practically doubles, 
the haulage capacity of locomotives and reduces the. number of 
freight trains about fifty per cent., and the expense of operation 
about twenty-five per cent. — a course which, on lines with a moder- 
ate traflic, is usually warranted by the consequent reduction in oper- 
ating expenses alone, aside from the advantages afforded for hand- 
ling an increase of business. 

Simultaneously with grade reductions, many other improvements 
may be effected without adding materially to the cost, at the same 
time placing the line in a fit condition to be double-tracked in the 
future. At no time is a better opportunity offered for putting in 
transition ends to curves which have not been previously eased. 
Objectionable features of alignment may be removed and curva- 
ture eliminated. In man,y cases it will be found possible to con- 
solidate a number of heavy grades in one section, which may then 
be operated with comparative economy, but which the traffic would 
not warrant reducing, and thus full benefit may be derived from 
improvements in adjoining sections. It will usually be found more 
economical to operate heavy grades in the vicinity of divisional 
points with the assistance of the yard engines, reducing the grades 
on the remainder of the section; and at points where it would be 
necessary to construct several miles of new line, to avoid a short 
heavy grade, it will often be found more economical to double the 
train. 

Little advantage is to be obtained in operation from improve- 
ments which are not calculated to increase the engine rating for the 
whole section. An excessive ruling gradient at one point, the 
necessity for stopping on a grade, or insufficient compensation 
for curvature on a ruling gradient, may appreciably limit the rating 
of the section. In order, therefore, to obtain the most ecocomical 

results in operation, improvements should be designed to make the 

rating uniform on all ruling gradients. ^ 
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DISTANCE. 

The extent to which freight and passenger receipts will be affect- 
ed by minor changes in distance depends largely upon the nature 
of the traffic, and upon the geographical position of the line in re- 
lation to its competitors. The relative proportions of the differ- 
ent classes of traffic vary greatly on different roads or on different 
parts of the same road, so that each case must be carefully studied 
with reference to the peculiar conditions which obtain on that par- 
ticular section. It is evidently Impossible in a general discussion 
of the subject, to obtain results which may be applicable in all 
cases. We may, however, define a basis upon which to proceed in- 
telligently to estimate the effect of such changes upon freight and 
passenger revenue, as well as upon operating expenses, which latter 
we are able to determine with considerable accuracy.- For this pur- 
pose, we divide the traffic into three distinct classes, •traffic of any 
other nature will, so far as this estimate is concerned, be found to 
belong to one or the other class: 

CLASS 1. — Local and exchange traffic, non-competitive, between 
points on one line, or passing over two or more lines, but 
having no option as to route. 

CLASS 2. — Local traffic, competitive, between points on one 
line, but having an option of two or more routes. 

CLASS 3.— Through exchange traffic, competitive, passing over 
several lines, with an option of two or more routes. 

Non-competitive traffic. Class 1, usually represents the major 
proportion of the total on all roads, and a shortening of the line 
will at once result in a direct loss of revenue. This loss is propor- 
tional to the amount by which the line is shortened, and may be 
obtained as follows: Multiply the total number of revenue tons and 
passengers passing over that portion of the line in a year, by the 
average revenue per ton, and per passenger mile, from such traffic, 
and by the number of miles by which the line is shortened. 

The rates on local competitive freight traffic, Class 2, are usually 
arranged on a mileage basis, unless arbitrarily fixed on account of 
boat or other competition, with a more or less disregard of the 
actual distance traversed. In the latter case the revenue will be 
neither increased nor decreased by slight changes in the length 
of the line. In the case of local competitive passenger traffic, the 
rates are determined by the mileage of the shortest line. If based 
on the mileage of the home line, the revenue from this traffic may 
be materially reduced by shortening the line, which loss may be 
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estimated, as in the case of Class 1. If the home line is one of the 
longer routes, the receipts will not be affected by changes of 
distance. 

The revenue from through exchange competitive traffic. Class 
3, may be seriously reduced by shortening the line. The rates on 
such traffic, as in Class 2, are usually established in the case of 
freight with a more or less disregard of distance, and in the case 
of passenger by the mileage of the shortest line; but the division 
of the total between the lines participating in the business is in the 
proportion of the mileage o) each, or on a pro rata per rate basis. 
It is evident, therefore, that so far as the class of traffic is con- 
cerned, if the line be shortened, its proportion of the revenue 
will be correspondingly decreased. Some lines, on account of 
physical advantages or for various reasons, may be given "differ- 
entials " or " reconstructive mileage " or " arbitraries " for 
terminal bridge transfer, or other expenses, in addition to their 
proportion of the remainder of the revenue. To estimate the loss 
which would result to this class of traffic by shortening the line, 
we first deduct the amount of the arbitraries from the total yearly 
revenue from such traffic, and if the receipts are pro-rated on a 
mileage basis we multiply the balance by the difference between the 
ratios of the home mileage to the total average mileage before and 
after the contemplated changes. If the revenue is apportioned on a 
pro rata i^et rate basis, this latter multiple is determined accordingly. 

Summarizing the foregoing, from Classes 1 and 3, it is seen that 
a direct loss of revenue will result from shortening the line; the 
revenue ^rom Class 2, which at most is but a small i>roportion of 
the totkl, will be affected injuriously or not at all, according as the 
home line is shorter or longer than its competitors. Thus it might 
appear that there is no credit side to eliminating distance other than 
would result from the saving in operating expenses. This, however, 
is true only of such traffic as has been actually obtained. The 
shortest line between competitive points is, other things being 
equal, in much the most advantageous position for securing the 
largest proportion of the traffic, and any improvements tending to 
shorten the longer line will prove decidedly beneficial in that re- 
spect, but once the business is secured the advantage is wholly in 
favour of the long haul. 

To the ordinary passenger, time is the first consideration. Dis- 
tance is largely a technicality which no more concerns him than 
the grades or curves of ithe line, and the quickest route to his 
destination is the most likely to receive his patronage. Whatever 
the character of the improvements, therefore, whether of the nature 



142 Economics of Railway Improvements. 

of grade and curvature reductions or tbe elimination of distance, if 
they are such as will facilitate the running of faster trains, they will 
tend to increase the volume of traffic, and, consequently, the re- 
venue. 

The Expenses of operation will be more or less affected by minor 
changes in distance which may be necessitated by grade reductions. 
If the agreements between the Company and its employees are not 
based on mileage, train wages will not usually be subject to modi- 
fication because of a slight change in the length of the section. 
Track force and maintenance of way expenses will depend upon the 
extent of the change. 

The following estimates of the effect of slight alterations in dis- 
tance on operating expenses are based on Wellington's results. 

. and are figured, for an average train mile cost of 85 cents. Having 
determined the actual train mile cost on any particular section. 

. these amounts should be adjusted proportionately: 

If train wages If train wages 

are affected, are not affected. 

Changes aggregating from to 2 miles 33.7c. 21.1c. 

Changes aggregating from 2 to 15 miles 43.7c. 31.0c. 

The above figures, multiplied by the total number of trains each 
way in a year, give the value of one mile increase or decrease in 
distance. The number of trains to be used in this calculation will 
be that operated on the old line, or necessary to handle the same 
volume of traffic on the new line, according as the length of the 
section is reduced or increased by the improvements. 

REDUCTION OF RULING GRADE AT STATIONS. 

At a station at which freight trains may be required to stop for 
water or other purposes, the engine rating may be materjally re- 
duced below what it otherwise would be, if at that point a grade of 
the same rate as the ruling grade were adopted. The rating for the 
whole section is thus limited to that which the locomotive can 
start on the ruling grade on which it is necessary to stop. It is 
the criterion of economical operation that, so far as possible, the 
engine be working with uniformity, and at its full capacity on all 
parts of a section. Yet instances are to be found, to a greater or 
less extent on all railways, in which the full power of the locomotive 
is demanded only at one or two points in an engine stage, where 
stations have been located on grades which have not been compen- 
sated for stopping. The consequent reduction in the rating for th*^ 
whole section thereby greatly increases the expense of operation, 
but not usually to such an extent as to warrant the use of assistant 
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engines. The arbitrary method of compensating such grades two- 
tenths per cent, at stops is, as will be seen from the following, 
much too little: 




3 4 5 6 7 

Figure 1 gives, in lbs. per ton, the train resistance curve and 
the traction power curve of a modern locomotive for speeds from 
to 10 miles per hour. At the point of starting the resistance is 
much greater than at 5 or 7 miles per hour, when it reaches a mini- 
mum of about 41^ lbs. per ton. The tractive power, on the other 
hand, remains practically constant between these speed limits, 
Compound engines, by being thrown into simple, may increase their 
tractive power at low speeds, and thus possess a reserve force for 
starting or surmounting short heavy grades. 

With the old form of link couplers trains could be started from 
rest on much heavier grades than is possible at present with auto- 
matic couplers. The slack between the cars was much greater, 
and the locomotive had acquired a considerable speed before the 
caboose began to move. The very great starting resistance was thus 
overcome in the forward part of the train when but a small propor- 
tion of the load was being acted upon. 

Taking three inches as the average draw bar extension in freight 
cars, in a train loaded for a 0.5 per cent, grade, or say forty- 
one cars, there is 20 feet slack. In that distance, the engine 
working under full steam, without its train attached, can acquire a 
speed of 7.5 miles per hour. In order to simplify the following cal- 
culations, we will assume that the full amount of slack is taken up 
by the engine before the train begins to move, and the momentum 
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thus acquired in the locomotive is transferred to the train instantly, 
instead of snidually, as is actually the case. The error introdaeed 
by this assumption is inappreciable, and is on the right side. The 
velocity with which the train moves at the instant of starting Is 
given by ihe momemtum equation 130 x 7.5 — 2018 x V, from which 
V = .48. The level tangent resistance at this speed is 13 lbs. 
per ton; the engine tractive power at this speed is 15.4 lbs. per ton; 
from which we deduct 2 lbs. for acceleration, or 13.4 lbs. per ton. 
The force, therefore, available for overcoming grade resistances is 
0.4 lbs. per ton, equivalent to a 0.02 per cent, grade. 

The distance in which the train on this grade will acquire a 
speed of 10 miles per hour is determined from the formula deduced 

for momentum grades, d = (vi- 2)2000, ^^^ ghould be calculated 

f— 20 r 
for increments of increase in velocity of one mile per acre. 

The following table has been compiled in this manner for lines 
with ruling gradients from 0.5 per cent, to 1.5 per cent, giving in 
each case the actual grade to be adopted at the stop, the length 
of such grade, and the time required to acquire the minimum allow- 
able speed of 7 or 10 miles per hour. For lines with other ruling 
gradients than those given in the table, the same information may 
be obtained with sufficient accuracy by interpolation. 



TABLE OF COMPENSATION FOR GRADES AT STATIONS. 



Rulins Grade of Line. . 
Actual allowable Grade 

at Stop. 

Amount of Reduction, 



0.60% 

0.02% 
0.48% 



0.76% 

0.31% 
0.44% 



L00% 

0.60% 
0.40% 



1.26% 

0.88% 
0.37% 



1.60% 

1.15X 



Minimum allowable 
Speed 

7 m. per hour.... 
10 m. per hour.. .. 



Dist 

Feet 

353 

763 



Time 

Sec6 

67 

100 



Diet 

Feet 

36 

83 



Time Diet 
Sece Feet 



71 
108 



392 
909 



Time 



76 
116 



Dist 

Peet 

407 

991 



Time 



Diet 



Seefl Feet 



77 
124 



417 
1064 



time 

Sees 

79 

130 



The length of the grade given in the table is the clear distance 
which the train must have after starting in order to acquire the 
necessary speed. At important stations, at which the train most 
stop after leaving the siding to permit of closing the switch, the 
grade must be lengthened accordingly. 

VIRTUAL GRADES. 

The intelligent and consistent use of momentum grades ffl*y 
prove a great source of economy, either during construction or Id 
improving the grades of old lines. Few railways have been huil^ 
even in recent years, in which the quantities might not ha^e 
^/een greatly reduced by the adoption of a virtual profile in loc*^' 
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ities where its use woul4 not have impaired the efficiency of the 
line. The strict adherence to the maximum gradient, particniariy 
on lines with short undulating grades, which could be surmounted 
by the assistance of momentum on a grade much greater than the 
ruling grade, has aldded greatly to the cost gf such lines without a 
corresponding reduction in the cost of operation. 

On lines with long ruling gradients, the saving thus effected may 
be inappreciable, but it is seldom that such great reductions in the 
grades of a line are contemplated that from thirty to fifty per 
cent, cannot be operated as momentum grades, whereas, if the 
ruling grade were strictly adhered to, much heavier work would be 
necessitated as well as the reduction of many grades from which 
no advantage is obtained in operation. 

In adopting a momentum grade, great care should be taken 
that it be located only at a point where every assurance is to be 
had that the train will have acquired the speed necessary to sur- 
mount the grade. The method generally followed, of using a grade 
such that the total rise is equal to that of th^ same length of 
ruling gradient, plus the difference between the velocity heads of 
the train at its initial and final speeds, is greatly in error, assum- 
ing, as it does, that the locomotive power over and above that 
required to overcome the frictional and grade resistances in con- 
stant for all speeds. A grade located upon this assumption might 
be such as to materially limit the engine rating of a whole section, 
and thus defeat the purpose it was intended to serve. 

A momentum grade which could be barely surmounted by one 
engine with a full load between certain initial and final velocities 
might, within minor limits, be too long for an engine of another 
class with a difTerent tractive power curve. For this reason, that 
grade should be adopted which can be surmounted by the most un- 
favorable class of engine likely to be run on the section. Ctener- 
ally speaking, an engine in which the ratio of the tractive power 
at low speeds to that at high speeds is greatest, is the most un- 
favourable in this respect, and should therefore form the basis of 
calculation. 

The engine herein used is a 130 ton Baldwin, compound, consoli<l- 
ation, with a cylinder tractive power of 29,000 lbs. at 7 miles per 
hour. 

The distance which a train will run on a grade within certain 
narrow limits of velocity, the engine working under full steam, is 
given by the following equation of work: 

d P - (Vi - Va ) 2000 
OR d . (Vi- V2 ) 2000 — — (1). 
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In which d = distance in Ifeet through, which train moves 
between the limits of velocity. 

F = Average force available for acceleration or re- 
. tardatlon in lbs. per ton. 

VI = Vjalocit^y head at initial speed. 
Vo « Velocity head at final speed. 
The cylinder power is exerted to overcome frictional and other 
resistances and the grade resistance. The force F is, therefore, the 
algebraic difference between the tractive power per ton and the total 
resistance per ton. 

F-(t-r)-20B 

- f-2QR ....(2) 

in which t = tractive power per ton at any given velocity, 
T ^ resistance, other than grade, per ton, at ai«r 
given velocity. 
R :r- rate per cent, of grade 
f = (t — r) 
From this equation, Plate No. 4 was plotted, which gives the net 
force available for acceleration or retardation on grades from -i. 
1.25 per cent, to — 1.25 per cent, at speeds from to 40 miles per 
hour. The maximum speed which a train loaded for a 0.5 per cent 
grade can acquire on any other grade is given in the intersection of 
the curve representing that grade with the zero line of tractive 
power. 
Substituting the value of F in Equation 1, we obtain 

J (Vi- V2) 2000 
^= f - 20 r 
from which Plate No. 5 was plotted. 

For short Increments of 2 . 5 miles per hour increase or decrease 
in velocity, we may, without sensible error, take the average of F 
at the beginning and end of the increment. 

Similar curves have been plotted for trains loaded for 1.0 iwr 
cent, and 1.5 per cent, grades. For other grades, sufiiciently accur- 
ate results may be obtained by interpolation. 

Station 



FIG.; 
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The following example will demonstrate the use of the diagrams: 
It is advisable, on account of a heavy increase in traffic, to reduce 
all the grades on a certain section of line to 0.5 per cent. There 
are at present several 0.75 per cent, grades which limit the engine 
rating, and which must therefore be reduced. One of these is 
situated as shown in Fig. 2, and we desire to know what length of 
the 0.75 per cent, grade can be surmounted by momentum before the 
^peed of the train is reduced to seven miles per hour. 

From the Acceleration Curves, Plate 5, we find that 9,000 feet 
on the — 0.25 per cent, curve corresponds to 28 miles per hour, — 
the speed acquired at the foot of the grade. From the Retardation 
Curves, we find that 28 miles per hour on the ^ 0.75 per cent, 
curve correspondH to 2,650 feet, and 7 miles per hour to 7,300 feet 
(7,300—2.650) =^ 4,650 ft. is the distance which can be surmounted 
before the speed is reduced to 7 miles per hour, and beyond this 
point, therefore, the grade must be reduced. 

To find the time required to traverse the distance, from the Accel- 
eration Curves we find that 9,000 feet on the 0.25 per cent, curve 
corresponds to 5.7 minutes. From the Retardation Curves, 2,650 ft. 
on the -(- 0.75 per cent, curve corresponds to 0.83 minutes and 7.300 to 
4.40 minutes. The total time from the station to the point at which 
the grade must be reduced is therefore 5.7 —' (4.40 — 0.83) — - 9.27 
minutes. 

When a grade is so long that it cannot be surmounted by mo- 
mentum, but not of such length that a new line must be built, 
it will generally be found more economical to reduce the grade both 
at the foot and the summit, thus avoiding undUly heavy work at 
either point. The length to be reduced at the foot or the summit to 
^ive the most economical results, depends entirely upon the topo- 
graphy of the ground, and can only be determined by a series of 
trials. 

The time lost in operating a momentum grade is seldom so great 
as to be worthy of consideration in freight transportation, but the 
exact amount may be directly ascertained from the diagrams, and 
its yearly value estimated. 

EFFECT OF GRADE IMPROVEMENTS ON OPERATING 

EXPENSES. 

Improvements made in the physical features of a line, unless of a 
very extensive character, affect but little the expense of conducting 
passenger transportation. To within certain limits, the size of 
passenger trains Is seldom governed by the grades, and time lost 
in ascending is regained in descending: The tonnage of freight 
trains on the other hand, is wholly limited by the ruling grades. 
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and any Improvements which may be made in the way of elimin- 
ating curvature and rise and fall, or grade reductions, will decrease 
at once the cost of handling freight traffic. 

To estimate, therefore, with any degree of accuracy, the yearly 
saving which may be realized by such improvements, we must first 
determine the average cost per freight train mile on that section 
of the road. The expenses of freight and passenger transportation 
are not usually subdivided in the accounts of the Company and 
cannot be readily ascertained without adopting a more or less 
arbitral^ basis of subdivision. The cost of a passenger and treigut 
train mile are not usually widely different, and for rough prell- 
minaiy calculations we may ordinarily use for either unit the 
average cost per train mile on that portion of the line under con- 
sideration. On many lines, however, the variation is considerable^ 
and in order to accurately estimate the yearly value of improve- 
ments in grades or curves, we must first subdivide the freight and 
passenger expenses, covering a sufficiently long period of time, and 
determine the average freight train mile cost 

A few items in the cost of transportation are directly chargeable 
to freight and passenger; the basis of subdivision of others is in- 
dicated by the character of the expenditure. Many items are so 
intimately associated with both classes of transportation that they 
can only be apportioned on some arbitrary basis, and it remains 
to adopt in the case of each such item the fairest and safest basis 
of distribution. For this reason it is evidently impossible to so 
divide the different items of railroad expense as to obtain absolute 
results. We may, however, obtain final units of freight and passen- 
ger train mile cost, which, though not in themselves absolute, are 
within a permissible limit of error, and which, for our purposes, or 
as a basis for comparing one division of a road against, another, or 
a division against itself, are quite sufficiently accurate. 

The several items of railroad expense are given in detail in the 
following classification, and, although different roads have different 
systems of accounting, the items are in the main similar. 

GBNBRAL : 

(1) Expenses of General Offices. 

(2) Salaries and Expenses of Officers. 

(3) Salaries of Clerical Force. 

(4) General Expenses, Rentals, Stationery and Printing. 

PRODUCTION OF MOTIVE POWER : 

(5) Wages of Engineers, Firemen and Roundhouse Men. 

(6) Oil, Waste and Water. 

(7) Expenses of Shops and Machinery. 

(8) Fuel for Locomotives. 
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MAINTENANCE OF EQUIPMENT: 
(9) Repairs of Locomotives. 

(10) Repairs of Passenger, Sleeping and Parlor Cars. 

(11) Repairs of Freight and Other Cars. 

L.OSS AND DAMAGE : 

(12) Wrecking. 

(13) Injuries to Persons and Stock. 

(14) Loss and Damage to Freight 

STATION SERVICE AND SUPPLIES : 

(15) Agents, Clerks and Labor. 

(16) Desp'atchers and Telegraph Operators. 

(17) Station Expenses and Supplies, Heating, Lighting, Etc. 

(18) Stock Yards and Elevators. 

(19) Yard Rentals and Terminal Charges. 

TRAIN SERVICE AND SUPPLIES: 

(20) Conductors, Baggagemen and Brakemen. 

(21) Care, Heating and Lubricating Cars. 

(22) Train Supplies. 

(23) Wages and Supplies, Parlor and Sleeping Cars. 

MAINTENANCE OF WAY : 

(24) Maintenance of Buildings, Docks, Wharves, Telegraphs, 

Fences, Etc. 

(25) ** Stockyards and Elevators. 

(26) " Bridges and Culverts. 

(27) " Road Bed. 

(28) Repairs of Track, Switches and Frogs. 

(29) Renewals of Ties. 

(30) Renewals of Rails and Fastenings. 

(31) Incidental Expenses. 

We will now proceed to apportion the several items above between 
freight and passenger, according to the following measures, when 
they cannot be directly charged to one or the other account: 

In the proportion of the Freight and Passenger Revenue. 

In the proportion of the Freight and Passenger Train Mileage. 

In the proportion of the Freight and Passenger Engine Mileage. 
In the case of the train and engine mileage of mixed trains, which 
iB at most but a small proportion of the total on all roads, when 
more accurate data is not obtainable, they may be divided in the 
proportion of two-thirds to freight and one-third to passenger. 
Switching engine mileage is divided in the proportion of eighty per 
cent, to freight and twenty per cent, to passenger. 
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Items (11), (14), (18) and (25) are chargeable directly to freight 

Items (10) and (23) are chargeable directly to passenger. 

Items (1) (2), (3), (4), (15), (17), (19) and (24) are divided in 
the proportion of the freight and passenger revenue. 

Items (12), (13). (ItJ), (26), (27), {2^), (29), (30) and (31) in the 
proportion of the freight and passenger revenue. 

Item (9) in the proportion of the freight and passenger engine 
mileage. 

Items (20), (21) and {22) are directly proportional to the train 
mileage, but the cost of these items per train mile varies from 50 to 
70 per cent, more in freight than in passenger service. In the 
absence of more accurate data, therefore, we -add 60 per cent, to th^ 
freight train mileage, and distribute the items in the proportion of 
the freight train mileage thus obtained, to the actual passenger 
train mileage. 

Items (5), (6) and (7) vary directly with the engiae mileage, but 
their cost per freight engine mile is from 60 to 100 per cent, greater 
than per passenger engine mile. To apportion these items, there- 
fore, when more accurate data is not obtainable, we increase the 
freight engine mileage 80 per cent., and adopt this and the passenger 
engine mileage as the basis of subdivision. 

The item "Fuel for Locomotives" (8) is one of the largest of rail- 
road expense, and should be very carefully distributed. If access is 
to be had to the Company's accounts, the relative amounts charge- 
able to freight and passenger may usually be readily ascertained. 
Generally, this item may be apportioned arbitrarily with consider- 
able accuracy. The cost of fuel per engine mile varies from 50 to 
100 per cent, greater in freight than in passenger service. To the 
freight engine mileage, however, has been added the switching tdW^ 
age, which reduces the increase to an average of about 50 per cent 
The item is therefore divided in the proportion of the freight engine 
mileage, increased 50 per cent., to the actual passenger engine mil^ 
age. Having now apportioned the total expenses between freight 
and passenger, these divided respectively by the freight and pas- 
senger train mileage give the average cost per freight and passenger 
train mile. We may proceed further and divide these expenses 
respectively by the total number of revenue ton and passenger 
miles, and obtain the average cost per ton and per passenger mile.-* 
the main transportation units. 

The cost of freight and passenger train mileage is found to v»ry 
from 75 cts. to $1.50 and from 65 cts. to $1.40 respectively, according 
to conditions, but a fair average for each may be taken as 85 cts. 



Economic of Railway Tfiiprovements. 151 

and 75 €ts. Having obtained these results, we are in a position to 
estimate the yearly value of improvements by which the engine 
rating is increased. Proceeding upon the lines laid down b^y Mr. A. 
M. Wellington, it will be found that from 50 to 60 per cent, of the 
expenses varies with increased train mileage. This percentage, mul- 
tiplied by the cost per freight traitt mile and by the number of train 
miles saved in a year, gives the yearly saving in operating expenses. 
When the tonnage of a train is not governed by the speed or other 
limiting conditions, the haulage capacity of a locomotive on differ- 
ent grades may be determined from the following formula: 



^ - 4.6 + 20r ^ 



in which 



T = tonnage of train. 

c = cylinder tractive power of engine at a minimum allow- 
able speed of 7 or 10 miles per hour, 
r = rate of grade. 
E ;=r weight of engine in tons. 

The engine rating may be greater in one direction than the other; 
and at the same time the traffic may be of such a nature, that the 
average train tonnage ma,y be less in the fornler direction than in 
the latter; consequently, although the rating may be considerably 
increased in one direction, it does not necessarily follow that the 
average train tonnage in that direction will be increased in a like 
proportion. In estimating, therefore, the number of train miles 
saved by an increase in the engine rating, care should be taken to 
ascertain the actual number of properly balanced trains necessary to 
operate on the new line to handle the given traffic. 

The question of the most suitable grades to adopt is usually com- 
plicated by an unequal balancing of the grades to the traffic. If the 
tonnage is greater in one direction the return tonnage will consist 
partially or wholly of unloaded cars. It is usually estimated that 
30 per cent, additional power is required to haul empty cars than a 
like tonnage of loaded cars, and the locomotive haulage sheets are 
oompiled on that basis. The frequency with which trains of empty 
cars are stalled would indicate, however, that this is not a sufficient- 
ly large allowance. Wellington's experiments on loaded and empty 
cars tend to confirm this belief, giving 46 per cent, at 7 miles per 
hour as the additional power required, a percentage which decreases 
slightly as the speed increases. In reducing grades to balance the 
traffic, therefore, that portion of the return tonnage which consists 
of empty cars should be increased by at least 35 or 40 tier cent., and 
proportionately for partially loaded cars, and grades adopted which 
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will suit this equlTalent tohnage and the actual tonnage in the oppo- 
site direction. 

On lines trayening a river valley with a low ruling gradient of a 
practically continuous rise, the scheduled speed may be such as to 
greatly reduce the train tonnage below that which could be hauled 
at low speeds on the ruling grades In such cases, the horse power 
from the engine and the speed determine the tonnage of the train 
which may be calculated from the following formula: 
T « 376P 

in which 

T =z tonnage of train. 

P = horse-power of locomotive at average speed. 

S = average speed in miles per hour. 

R = average resistance of train in lbs. per ton. 

E = weight of engine in tons. 

REDUCTION OF RISE AND FALL. 

The cost of different classes of rise and fall depends upon the 
rate of grade which is surmounted and the ruling grade of the b^c- 
tion. If the ruling grade is equal to, or less than the grade of repose, 
which is taken as 0.5 per cent., it is not considered that rise and fall 
adds appreciably to the ordinary cost of operation, since such grades 
(unless of great length) can be operated under uniform steam, the 
speed alone varying. The cost of wear and tear is but slightly af- 
fected, and the cost of fuel is practically^uniform; the potential 
energy stored in ascending a grade is given out in descending, and 
except as wasted by stops the kinetic energy of the train, due to the 
speed acquired in descending a grade, assists in ascending the next 
On such grades, the cost per foot of rise and fall is estimated at 24 
cents per dally train, per year. 

On grades from 0.5 to 0.8 per cent, which do not require the use of 
sand in ascending and which in descending are neither operated 
under steam nor require the use of brakes, a foot of rise and fall is 
estimated to cost 71 cts., if on a minor grade, and $1.42 if on a 
ruling grade. 

On grades greater than 0.8 per cent, which are of too great length 
to be operated as momentum grades and which require the use of 
both brakes and sand, a foot of rise and fall on a minor grade is 
estimated at |2.27, and If on a ruling grade |2.98. 

The above figures are on the basis of an average train mile cost of 
85 cts., and should be increased proportionately to the actual train 
mile cost on sftiy particular section, and represent the yearly cost of 
one foot of rise and fall per daily train each way. (If the rise and 
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fall on the new line is less than that of the old line, the number of 
trains used in the calculation will be that operated on the old line, 
and vice versa). 

In estimating the amount of rise and fall which may be avoided by 
a change of line, care should be taken to allot each to its proper 
class, which does not necessarily depend upon the actual rate of the 
grade. A grade of short length, but of a rate much greater than the 
ruling grade, may be in such position as to be operated by momen- 
tum, and the value of its rise and fall will, therefore, be reduced to 
that of a minor gradient. 

REDUCTION OF CURVATURE. 

The most serious objection to curves is the sentimental prejudice 
of the public against them. To a large extent the distinctive feat- 
ure which has enabled the rapid growth and development of Ameri- 
can railways has been the recognition of the fact that curvature, 
consistently Introduced, was not a disadvantage. When of ordinary 
sharpness, properly elevated, lined and surfaced, curves may be tra- 
versed with as great a degree of comfort and safety as tangents, and 
if provided with easement ends, the transition from the tangent to 
the curve is imperceptible. 

The actual cost of operation is but slightly increased by additional 
curvature up to the limit When sharp curves necessitate a reduction 
in the speed of fast trains due to the slightly increased liability to 
derailment. Excessive curvature should, however, be avoided 
wherever possible, and the necessity for using a maximum curve at 
one or more points in an engine stage is not, as in the case of max- 
imum grades, sufflcient justification for its general adoption. 

At the most, the money value of eliminating curvature is of but 
minor importance from the standpoint of economical operation only. 
Wellington estimates that 36 per cent, of the working expenses vary 
with the curve resistances, which average about one-half pound per 
ton per degree. Taking the average level tangent resistance as 6 
lbs. per ton, this is equivalent to a continuous 12 degree curve, or 
633 degrees of curvature in a mile. Assuming the cost of a train 
mile as 85 cts.. the yearly value per daily train each way for eli- 
minating one degree of curvature is: 

85c X 36% 

— ^^ X M5 x 2 = .35.3 ctp. 

(The number of daily trains used in this estimate will be that oper- 
ated on the old line, or necessary to handle the same volnme of 
traffic on the new line, according as the curvature Is greater or leaB 
on the old than on the new line). 
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A reduction of curvature, unlike a reduction of grades, always in* 
volves the construction of more or less new line, so that from the 
smallness of the above figure it is evident that the elimination of 
curvature alone, unless attended by a reduction in the ruling grade 
or a shortening of distance, is seldom, if ever, warranted by the con- 
sequent saving in operating expenses. 

Having now estimated the yearly value in operation of each of the 
several kinds of the proposed improvements, the amounts in favour 
of or against the alterations may be summarized for comparison as 
follows: 

ESTIMATE OF ECONOMIC VALUE OP IMPROVEMENTS. 



From. 



To. 



Description of work . 



NATURE OF CHANGE. 



DiPTANOE 

" Effect on Operating Expenses 
** ** Papsenger Receipts, 

« " Freighf « 

Actual Grade .... coinpensatel .... bound 
** " .... " ....bound 

Virtual " *' ....bound 

'* " " ....bound 

Bating of. . . .class Locomotive . . .bound Tons 
** .... " ...bound « 

Rise and Fall, on maximum grade Fee 

" " medium '" <*i 

" ** minor " «< 

Curvature Degree^ 

Time Saved by Pasa'r Trains.... bound Min. 
** •' " ....bound ** 

" Freight " ....bound " 

" " ....bound '• 

Improvements in Alignment. 

Total Yearly Saving in Favour of 
Improvements 



a 

a 



I 
I 



When radical changes of this character are contemplated, it is 
usual at the same time to improve the standard of the track. The 
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cost of such work is not, however, properly chargeable to the im- 
provements, and for the purposes of comparison should be deducted 
from the total estimated cost of the proposed changes. The balance, 
chargeable to improvements, divided into the estimated yearly sav- 
ing, gives the rate of interest on the expenditure. 

In this manner a number of suggestions for improving a line may 
be jeduced to their money equivalents and that proposition adopted 
which, consistent with other requirements, will pay the largest per- 
centage of interest on the investment. 



DISCUSSION. 

Mr. D. Macpiierson remarked that the author had certainly 
compressed a good deal of matter within a small space, and had out- 
lined a seemingly very practical method of arriving at the economic 
value of railway improvements. If all his hypotheses were accur- 
ate the paper should be a valuable contribution to our proceedings. 
It did not seem, however, that the attempt to reduce to actual dol- 
lars and cents the exact value of all the elements which enter into 
the improvements of a piece of line could serve as more than a rough 
guide as to how such work should be approached. It could 
scarcely be accepted as correct in specific cases without very 
careful scrutiny of all the conditions which would modify the 
different units of value. The definition given of Civil Engineer- 
ing: — "The art of making a dollar earn the most interesft," did not 
appear a very happy one, as, although it might fit specific works, it 
might equally well apply to the unlearned profession of money lend- 
ing at high rates of interest. No one would dispute the author's 
statement that, generally speaking, the most economical line to 
adopt was the one in which the sum of operating expenses and in- 
terest on whole outlay was least, provided the business available was 
as great or in proportion to what would be available for a more ex- 
pensive line. The assertion that engineers were prone to work to ex- 
treme limits of grades and curves, where easier grades and curves 
could easily be obtained, was, in his opinion, incorrect and uncalled 
for. It was, no doubt, the fact that some poor engineers did so ; 
but, in the majority of cases where it might seem to be the case, it 
would be found that the financial men In authority insisted upon the 
cheapest initial line, regardless of future consequences. With 
regard to the statement that the shortening of a line would 
reduce the revenue from non-competitive local traffic, this was 
founded on the idea that such traffic was usually handled on a mile- 
age basis, whereas the fact was that It was oftener handled on ar- 
bitrary ratings, which to a large extent ignored distances. Thus, 
shortening the line would reduce operating expenses and increase net 
revenue. The author's reasoning In connection with the using of 
virtual grades was a clear statement of a most important feature in 
railway operations. In times gone by, no doubt, many engineers 
paid little attention to this most scientific part of location, but 
these days of keen competition made it absolutely necessary to get 
the maximum haulage capacity out of our engines at the least pos- 
sible expense. This could only be done with the judicious use of 
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virtual grades. In his opinipn the author had, on the whole, made a 
very creditable and interesting demonstration of a very complex 
subject. 

Mr. Colpitts, in reply to Mr. Macpherson, remarked that it was 
obviously impossible, in a general discussion of the subject, to speci- 
fy precise units that would be applicable in all cases, for there was 
not only a great variation in such units on different roads, but on 
different portions of the same road. In no two instances, perhaps, 
did similar conditions exist, and each case must be treated according 
to circumstances. Certain factors, quite outside the features herein 
discussed, might have a large bearing on the question, and these 
must be weighed as the peculiar conditions warranted; whereas to 
treat such matters in a general way would be valueless. The paper 
was intended to define the methods by which the units of ithe vari- 
ous items, which were common to all roads, might be determined in 
specific cases, and, when determined, the manner in which they 
should be applied. The results obtained in such an investigation 
should assuredly be considered in conjunction with all other condi- 
tions, local or otherwise, which might have weight; and, while It 
was not to be expected that the investigation could be made with 
absolute accuracy, it might be sufficiently accurate to determine 
within very narrow limits a course of action, which was what was 
sought. The effect on operating expenses of a minor change in dis- 
tance was discussed under that head and its value estimated inde- 
pendently. The receipts from non-competitive local traffic, that was 
handled on an arbitrary basis without regard to the actual distance 
hauled, would not be affected by slight changes in distances. On 
traffic of this nature, however, on which the rates were established 
on a mileage basis, the receipts would be reduced cJr increased in 
direct proportion to the amount by which the line was shortened or 
lengthened, and it was this traffic which was considered under 
Class I. 
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THE CRITICAL VELOCITIES OF WATER. 
By Dr. E. G. Cokeb, A.M. Can. Soc. C.B. 

It is well known that when water issues freely from a cir- 
cular orifice, whose diameter is small compared with the head of 
water upon it, that every part of the Jet is moving with the same, 
or nearly the same velocity, viz., that due to the head of water in 
the tank or vessel less a small quantity due to the friction of the 
orifice and the resistance of the air, which in general is negligible. 

Each particle of water has the same force impressed upon it, 
and if we could trace the path of any small element we should ex- 
pect to find that it moved parallel to the axis of the Jet, or, as it Is 
called, in stream line motion, except close to the opening where tbe 
Jet contracts owing to the meeting of water coming from various 
parts of the interior of the tank or vessel. 

Although this seems simple enough it is desirable to confirm tnis 
view by direct experiment, and we are at once met by the difficulty 
that, although we can see through the Jet, we cannot see into it, so 
that, if the motion is not stream line motion, we cannot detect It. 
If, however, we colour a portion of the water we can follow the 
motion, and this can easily be done by introducing a thin stream of 
colour into the Jet by a glass tube placed at the back of the oriflce. 
If care be taken to give the coloured stream the same velocity as 
the issuing Jet the colour will appear as a clearly defined band In 
the Jet, proving that the motion is stream line, and, whatever be 
the velocity, the band will always be distinct if the proportion of 
colour be not too sreat. 

If, however, the same Jet were caused to move through a pip« 
we have a possible disturbing cause in the enveloping surface, and 
this may cause the motion to be quite different We can, as before, 
examine what happens by using a glass tube and a colour band to 
indicate the motion. 
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If we start wUh a small velocity in the tube the colour band 
will be clearly defined as before, and will continue to remain so 
until a certain velocity is reached, when suddenly, without any 
warning, the colour band disappears and we see a mass of eddies 
in the tube. 

This phenomenon was discovered by Professor Osborne Rey- 
nolds, and he called the velocity at which the motion changed from 
stream line to eddy or turbulent motion "critical velocity." 

Clearly the cause is to be looked for in the walls of the pipe, and 
it has been shown by several experimenters that water enclosed In 
this way does not move with the same velocity throughout the sec- 
tion, but has the greatest velocity at the centre diminishing to no* 
thing at the walls, the curve of velocity being somewhat as shown 
In Fig. 1. 
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Fig. I 



We have, then, water moving with different velocities at differ- 
ent parts of the pipe, and we, consequently, get sliding between the 
different layers, and there Is a possible cause of disturbance which 
iDcreases as the velocity increases. On the other hand, water is not 
an ideal liquid, as it possesses in a small degree the property 
(which is so marked in glycerine, treacle and oils) of viscosity, and 
this, in some way, resists the tendency to upset the motion, so that 
we get stream lines below a certain velocity and turbulent or eddy 
motion above. Not only does the motion change, but the law of re- 
sistance changes also, from resistance varying as the velocity with 
stream line motion to resistance varying nearly as the square of 
the velocity with eddy motion. 

The factors which determine the critical velocity have been cave- 
fully examined by Osborne Reynolds, and he has shown that the 
determining causes are (temperature and size of pipe, or, expressed 
in the form of an equation, 

F,^k _. 

Where v^ jg ^^e critical velocity, D is the diameter of the pipe, 
and 

f (T) = (1 -f -03368 T 4- -000221 T*) ""^ 
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T being the temperature centigrade, and k is a constant which, If 
I'eet and seconda are used, has the value 0.245. 

METHODS OF DETERMINING CRITICAL VELOCITY. 

The sudden break down of the colour band in a glass pipe 
affords a means of determining the critical velocity in glass pipes 
but is not applicable to metai ones; but, since the law of resistance 
changes suddenly at the critical velocity, it is not difficult to deter- 
mine the change point and from it the critical velocity. 

The loss of head ^i in a length of pipe conveying water at velo- 
city V can always be expressed in the form A «= c]'» 
where c is a constant depending upon the dimensions of the pipe 
and the material, and n is the power of the velocity, which has one 
^alue below the critical velocity and another above. If, therefore, 
corresponding values of A^and v be determined on each side of tbe 
critical point, the point can be determined by plotting. 

The labour Is much reduced If logarithmic co-onllnates are used, 
for since 

log h^ = log c + n log r. 

the value of n is now expressed as the tangent of the inclination 
of some straight line, and the critical point is fixed by the Inter- 
section of two ^uch lines. 



Fig. 2 
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A typical dlagruuj illustrating the method is shown by Fig. 2, 
in which the inclination of line A.B. is forty-five degrees to the 
axis, and therefore n = l and BC has an inclination tan'iji where 
n = 1.73, the abscissae corresponding to B determines the value log. 
^c^ and hence yc 

A third method, which has been developed by Dr. Barnes, and 
the author takes advantage of the phenomenon first noticed by l>r. 
Barnes, that if water is heated while flowing through tubes in 
stream line motion, the distribution of heat throughout the water 
column is not uniform. If heat be applied to the outside of a tube 
only the layer In direct contact with the tube will be heated, tlie 
great bulk of the water remaining unheated; but, when the critical 
velocity is reached, the break down of the stream line motion causes 
a complete mixing of the water in the tube and, consequently, a 
rise of temperature, which is easily detected by a mercurial ther- 
mometer. Experiment showed that the rise of temperature coin- 
cided with the break down of an introduced colour band. 

In the actual experiments the apparatus took the form shown in 
Fig. 3, in which A is a large tank Into which projected the tube 
imder experiment, having a metal trumpet flare to ensure undis- 
turbed flow. 

The protruding end of the pipe was threaded through a water 
Jacket, B, with ends closed by stuflaing boxes, and the outer end of 
the pipe was fitted with a glass prolongation, C, containing a mer- 
curial thermometer, D. The water was afterwards led through a 
regulating valve, E, and a cooling coil, E, to a two-way switch over 
F having one pipe leading to waste and the other to a double cone 
measure, G, w^hose capacity was known very accurately. 

Water was circulated continuously through the jacket by a 
centrifugal pump, H, operated by a Pelton water motor, I. A gas 
flame, J, under the pump, served to regulate the temperature of the 
jacket. 

In making an experiment the water In the jacket is brought to a 
temperature slightly above or below the water flowing through the 
pipe. As long as the velocity of flow remains below the critical 
velocity no change can be detected, but as soon as the critical velo- 
city is reached the thread of mercury in the thermometer jumps 
to a new position and remains there as long as the unsteady motion 
continues. 

The velocity at which the change occurs can be readily deter- 
mined by causing the discharge to flow Into the measuring vessel 
for a known interval of time, and' from the dimensions of the pipe 
the critical velocity can at once be determined. 

As an example of the results obtained by this method Fig. 4 
shows the variation with temperature of the critical velocity in a 
brass pipe having a diameter of 0.0345 feet. The range of temper- 
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ature in this case extended over more than seventy degrees Centi- 
gX^^e, and the critical velocity varied from little more than 0.5 feet 
per second to 5 feet per second. 
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Thursday, 2l8t November. 

Mr, H. iRwm, Member of Council, In the Chair. 

Messrs. J. W. Heckman, E. S. Mattice, G. H. Garden, H. Irwin and 
C. H. McLeod, having been appointed scrutineers of the ballot for 
the election of Members, reported the following elected: — 

Members. 

James T. Child. A. C. Dennis. 

J. S. Dennis. 

Associate Members. 

H. A. Bayfield. Lester W. Gill. 

H. L. Jordan. R, H. Parkinson. 

H. A. RowE. A. W. H. Stimpson. 

W. V. Taylor. J. H. Wallace. 

Associate. 
E. McG. Quirk. 

Transferred from the class of Associate Member to the class of 
Member: — 

A. H. N. Bruce. M. W. Hopkins. 

A. J. Grant. J. W. Le B. Ross. 

C. C. Wohspold. 

Transferred from the class of Associate to the class of Associate 
Member: — 

Henry F. Duck. 

Transferred from the class of Student to the class of Associate 
Member: — 

C. W. Archibald. A. J. McPherson. 
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Students. 

K. McK. Camebon. D. J. Cabteb. 

A. R. Chipman. R. H. Habcoubt. 

G. B. Hughes. T. C. Keefbb, Jb. 

C. C. McLennan. F. H. Maynabd. 

J. Max Mundie. H. P. Osleb. 

J. M. OxLEY. W. F. Spabbow. 
A. Stewabt. 
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SUPERSTRUCTURE OF THE INTERPROVINCIAL BRIDGE, 

OTTAWA. 

By F. P. Shearwood, A.M.,Can.Soc.C.E. 

The bridge recently erected at Nepean Point, Ottawa, connect- 
ing as it does two Important commercial towns, as well as two 
proTlnces, naturally attracts the attention of the ordinary observer 
and is especially interesting to the engineer. ^ 

The bridge and approaches consist of the following structures 
shown in Plate 8. 

1. Tha Southern approach including— 

Trestle at St. Patrick Street 360* 

Skew plate girder span . . , 30* 

390' 

2. The main crossing of the Ottawa River including— 

Two plate girder spans 59' 

Cantilever structure l,049'-9" 

1 Truss span 247* 

1 Truss span l-*0* 

1.495'-9" 

3. The Northern approach including— 

Trestle to first roadway 390* 

Plate girder span over first roadway 60' 

Trestle from first roadway to Laurler Ave .. 274* 

Skew plate girder over Laurler Ave 75' 

— 799' 

Total 2,684'-9" 

The Interprovincial Bridge Company stipulated that provision 

should be made for a single track steam railway, two lines of 

electric railway, two roadways for vehicles and two footpaths. 

The arrangement of these as finally agreed upon is shown on plate 

12. 
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The approaches on the Southern end are .designed to carry 
three steam railway tracks. The electric track on the east side 
of the bridge when it reaches the Southern abutment ascends by 
a surface track to the summit of Nepean Point Park. The 
Western track, descending to the leyel of St Patrick street, crosses 
underneath the trestle which canrJMi tte sluuB iBffwsj trsefesi 

The electric traek. losdway and footpaths on reaching the 
Northern almtment descend by a 5 per cent, grade to the level of 
tike ground at the first roadway crossing. The trestle beyond this 
point supports only a single track railway. 

The design for the superstructure was made by the Dominion 
Bridge Co., Ltd., In accordance with the following loads adopted 
by the Interprovlnclal Bridge Company and approved by the 
Dominion Government. 
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In other respects the Dominion Government specifications of 
1896 were followed. 

The trusses, for the sake of stability are spaced 24 feet apart 
from centre to centre, the steam railway being placed in the centre 
and the foot walks between this and the trusses in order to utilize 
what would otherwise be vacant space. 

The general arrangement of the suspended span trusses was to 
a large extent determined by the Dominion Government stipula- 
tion, that there should be a clear waterway above H. W. L. of 46 
feet, and by the desire of the Interprovincial Bridge Company, that 
the base of rail should be kept as low as possible, in order to avoid 
grades in the approaches. 

In order to save masonry in the main piers the shoes were placed 
as near as permissible to the river surface and the lower chords 
inclined. This was found not to be uneconomical in the steel 
weight, and had also the advantage of reducing the total height 
of the main towers. 

To obviate the difficulty encountered in the suspended span, by 
reason of the short distance between the bottom of the steel and 
the base of rails, and also on account of the shoe detail used at 
the northern end of the anchor arms, a greater distance was taken 
between the centre line of the lower chord and the base of rail 
of anchor arms. This necessitated a slightly unsymmetrlcal angle 
of rise in the chords on either side of the towers, but on account 
of the long overhang of the floor beam brackets, it was thought to 
be unobjectionable and has proved to be unnoticeable in the struc- 
ture even before the floor was laid. 

The question of the wind stresses also presented an interesting 
aspect of the structure. A wind pressure of 30 lbs. was specified 
and the surface it acted upon was represented in the usual way 
as twice the area of the trusses and once the floor system as seen 
in elevation. A moving train of 10 feet in height was also taken 
into consideration and placed so as to give the maximum stresses in 
any member. 

The stresses in the top laterals from the suspended span are 
transferred to the top lateral trusses of the cantilever and are not 
conveyed in the usual method by the end post bracing of the 
suspended span to the bottom lateral system. The object In doing 
this was to distribute the wind stresses more evenly between the 
upper and lower chords and also to obviate the difficulty of pro- 
viding an efficient shear joint for a large stress at one point. 

The top lateral shears are figured to pass down the heavy 
inclined members S 0-7 and S 8-9. To insure this result the lateral? 
in panels 6 and 9 are omitted. The upper laterals are design^ 
to resist tension only, but are latticed vertically for the sake of 
appearance. The lower laterals are designed to act both in tension 
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and compression. This >YaB fouud more economical and was 
adopted in order to simplify the difficulty of providing for second- 
ary stresses induced at the pin joints. Sway bracing is used 
between all compression members where possible, that between 
the inclined members S 6-7 ami S 8-9 being designed to resist the 
shear of the upper laterals connecting to them. The sway brac- 
ing in posts P » has only to transfer the shear from the laterals 
in panels 7 and 8. The wind pressure from the floor and train is 
transferred by Knee braces connecting the floor beams to the lower 
chords. 

The cambering of the suspended span was accomplished in the 
usual manner by lengthening the upper chords, but in the anchor 
and cantilever arms each member was corrected for its own 
alteration of length due to the dead load stresses antl pin play. 

Ihe deflection due to live load at the ends of the cantilevers 
wn^ compensated for by shortening the upper chords in panels 6 
to 9. The bridge a:» finished shows between piers 2 and 3, a slight 
rise in the floor on d. lairiy reguiar curve. The anchor arms also 
have a slight, but noticeable camber. 

Plate 10 shows in detail the construction of the anchor arms 
which were made in such a way, as to be self supporting before 
any of the cantilever arms were erected, as it was quite possible 
that the scows used to support the false w^ork might be withdrawn 
before the erection of any part of the cantilever. This required a 
temporary strut to be placed in panel No. 7 (shown by the dotted 
line in Plate 9) and also that tension should be provided for at the 
lower chord splices and in the connection of S 3. The bottom con- 
nections of the suspended posts were reinforced to support the 
traveler during erection. The lower chords of the anchor and 
cantilever arms were constructed with three ribs for the purpose 
of reducing the thickness of the material and consequently un- 
desirably long rivets. In calculating the stresses in the pins, they 
were considered as continuous girders, resting on three rigid sup- 
ports formed by the ribs of the lower chords. The other mem- 
bers were assumed to be loaded in proportion to their areas. 

The tie plates on the lower chords at the pin points were 
designed to redistribute the increments of stress received through 
the pin into the three ribs proportional to their areas, and also to 
transfer the increments of stress from the laterals. At points 2, 
4 and 6, the lower laterals are connected to the chords with no Ue 
plates occuring at the point of intersection on the upper side of 
the chord, and the lateraf plates are strengthened to resist the 
bending induced by the transference of the shear from one lateral 
to the next. 

Plate 12 shows in detail a. portion of the cantilever arms and 
also a part of the suspended span, P 12 representing the hangers 

3 
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to carry the snspended span and at the lower part shows th9 
difficulty already referred to, due to the extremely short distance 
between the floor and the bottom of the steel. The heavy inclined 
members at this point as well as at No. 12 interfered with the 
abutting joint of the floor beam as used at the other panel pointB 
of the bridge, and the floor beam was deepened to straddle the 
chord and to obtain a compression splice below it. The details at 
the connection of the suspended span L 13 are shown with the 
erection wedges in place where the pin bore on two small forginp 
which were removed when the centre span was connected and 
which bore on several shims. These shims were used as being the 
best way of adjustment compatible with the method used for erec- 
tion and in their turn bore on stififeoer angles riveted to the chord 
L 12. 

At U 14 is situated the upper adjustable joint, and in order to 
resist the tension during erection two adjustable yokes engaging 
the pin were supported by four diaphrams. Between the diaphnim 
and the yoke nuts, shims were placed and slotted to enable them 
to be easily applied when starting to erect the suspended span 
and removed when it was connected. The top lateral connection 
at this point is shown in the plan view, T R 14 being riveted to 
the chord U 14, is held from horizontal movement by the plates 
which connect the top strut T S 14 to the chord U 13, being fitted to 
bear against the chord 14. The top strut, T S 14, then takes the 
shear from the top lateral system of the suspended span and trans- 
fers it to the top lateral truss of the cantilever arm. It will be no- 
ticed that the lateral connection plates on both chords are extended 
to meet the tie plates in order to reinforce the ribs against bending 
from lateral stress. 

At point XJ 13, a somewhat intricate connection for the laterals 
is shown, TR 13, necessarily being the same width as the chord 
U 13 while TR 12 is wider on account of other top lateral connec- 
tions. The connection plates of TR 13, are riveted to the chords 
U 13 and TS 13. TS 13 is connected directly with the succeeding 
lateral TR 12. At this point it was inconvenient to intersect the 
centre lines of the horizontally stressed members; but the small 
bending is easily resisted by the wide members of the vertical 
trusses. 

At point IT 11 is seen the method of utilizing the post channels 
to make a stiff and efficient connection for the laterals. The top 
strut is placed slightly away from the pin centre in order to con- 
nect to the sway bracing which is kept on the centre line of the 
posts. 

Plate 12 Illustrates the means of transferring the wind stresses? 
from the suspended span to the cantilever arms, P 13 and PB 13 
are connected to L 13 while L 12 has slotted connection to allow 
for the expansion and contraction of the span. 



Superstt^cture of the Interprovincial Bridge^ Ottawa, 171 

The stringers in panel 13 are riveted to the floor beam FB 13. 
bnt those In panel 12 are only supported on brackets on which 
they slide to accommodate the expansion and contraction. The 
Bhewr from lateral R 13 is transferred to the floor t>eam by 12^' 
channels and this is held from moving by the brackets placed on 
each sidfg of the stringers S 12, which are riveted to the bottom 
strut BS 13, thus transferring the shears directly to R 12. T|i& 
angle bracing between the stringers S 13 is to relieve the floor 
beam from the bending induced by the horizontal load applied 
on the brackets. This method of transferring the, wind shears en- 
ables shears to be perfectly distributed between the two sides, and 
the laterals being designed to resist tension and compression, only 
half the total stress is resisted in each case, and the compression 
wind stresses in the main chords are slightly reduced. 

In the cross section of the floor beam Is seen the construction of 
the floor beam brackets for the sliding support of the stringers, 
and the tension at the top of the brackets, is provided for by a 
splice plate passing through a slot in the floor beam web and riveted 
to the flxed stringer. 

The details of the construction on pier No. 4 are shown on Plate 
12. To prevent the use of a very wide pier and the eccentric 
placing of the anchorage, the ends of the cantilever and flxed 
. spans were made to rest on a common shoe. Thus the dead load 
of the flxed span was used directly to supply part of the anchorage 
required for the cantilever. 

It will be observed that short pieces of channels placed endwise 
are inserted in the centre of the upper tier of beams of the shoe, 
which are to resist the horizontal stresses due to th.e resistance 
made by the rollers to the expansion and contraction of the spans 
and so obviate bending stresses in the webs of the eye beams. 

To carry the horizontal stresses to the masonry without calling 
on the ribs of the shoe to do the work for which they could hardly 
have been made capable, a series of struts was used, which is 
shown In the half cross section in Plate 12. The laterals of the 
fixed span are connected with the bottom flanges of the floor 
beams, the shear being transferred by the Inclineal strut to the 
bottom strut at the ends of which the anchor arm laterals are 
connected. On the lower flange of this strut, to which all the 
lateral shears have been transferred, a steel casting was bolted, 
which slides longitudinally in a casting bolted on a two webbed 
girder, which is flrmly anchored to the masonry, and by which all 
side movement is resisted. 

Plate 11 represents the portal bracing situated between the 
inclined members S 6-7, which differs only from the bracing 
between S 8-9 in that the main member S 8-9 is slightly wider back 
to back of the flange angles. 
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The object of this bracing as already stated is to resist the suet^ 
from the top lateral system- The top lateral connection plate 
connects also the top strut, upper chord, and S 6 by which tbe 
components of the stress from T R 5 are transferred direct to their 
proper channels and not by relying on the friction of the pin. 

Owing to the necessity for providing sufficient head room over 
the railwsty tracks, the diagonals resisting the wind shear do not 
intersect on the centre line of S 7, and consequently this member 
is reinforced by four angles, riveted to the webs and tie plates, 
In order to resist bending. As there was a large amount of shear 
induced between these points, it was found inadvisable to aUo^- 
the webs of S 6-7 to remain unconnected for any appreciable 
distance, and so the working members CS 7 and P 7, which were 
obliged to be connected with the pin, were passed through slots 
in the heavy tie plates connecting the webs. The other two, 
which are merely stlflPenlng members, are riveted at this point to 
lug angles connected with the tie plates. The extra size of the 
lattice in S 7 is to provide for the wind shears. At the lower end 
of S 7, the diagonals are connected as low as possible. Tie plates 
and a diaphram are Introduced to reinforce the member, and 
the shear is transferred by a gusset plate, which connects directly 
with the bottom strut shown on the Plate. 

Plate 11 also shows the details in connection with the posts and 
the shoes on the main piers. The post P 8 has its webs placed 
in the opposite direction to that used in the other membt»rs of the 
bridge. 

At the joint U 8, to reduce the bending on the pin and also 
the thickness of the bearing points, two diaphrams are inserted 
between the webe, and bearing plates are riveted to the flange 
angles, forming in all four points of bearing for the pin. Two of 
the pin plates of the diaphrams are extended beyond the pin to 
connect with the top strut. The floor beam at this panel point 
passes between, the webs of P 8, resting on a diaphram riveted to 
the webs of the post. 

To accommodate the packing of the members at pin L 8. P 8 
was spread so as to bear on the pin outside bf the lower chords 
which abut on the pin opposite each other. One pair of plates on 
each running past the pin to resist a possible tension from the 
wind force, and S 8 is made slightly wider than S 7. The ribs of 
the cast steel shoes do not encircle the pin, as no uplift can 
possibly occur at this point until the wind shall blow at a pressure 
of 77 lbs. per square foot on the total surface, and this is assuming 
that the anchorages do not assist in the resistance. The carrying of 
the wind force to the masonry is accomplished by all the members 
' which have lateral stresses connecting with the cross strut BS 8. as 
spen in the drawing P 8. S 7 and S 8. having gusset plates riveted to 
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them and to the upper connection plate of BS 8, the bottom laterals 
are riveted directly to the connection plate of BS 8, therefore, all 
the lateral shears are concentrated in BS 8. This Ik connected 
by gusset plates to the upper tiers of the beams under the shoes. 
The lower tier has two lines of separators and also is filled with 
concrete. 

A typical floor beam at panel No. 16 is shown on Plate 12, 
the tension splice at the support for the cantilevered bracket is 
made by riveting splice plates to the flanges which pass through 
slots made in the post channels. The posts are reinforced at these 
points, the sectional area through the slot being 50 per cent, in 
excess of the net area required in the member. 

The compression joint is made by facing the two abutting flanges 
which bear on the post, the two webs of which are separated by 
a small casting accurately fitted between them. The dlaphram 
between the post channels is figured to triw.isfer the greatest 
difference in shear between the brackets and floor beams. The 
two beams shown by clotted lines were placed there temporarily 
during erection to carry the erection traveller track. It will be 
noticed that the number of rivets over these beams is increased 
on account of the fact that the forward support of the traveller, 
while hoisting was sustained at these points. 

The planking of the footwalks is continued between the truss 
members in order to take advantage of the extra width thus 
obtained. 

The fence being next the road, and therefore liable to severe 
shocks, is a substantial structure 5 feet high; the rails are com- 
posed of 6" channels, the two upper ones being placed horizontally 
and the bottom one vertically. The posts are placed about 15 
feet apart, those at the floor beams being firmly braced as shown, 
while those at the intermediate points are held by bracing ex- 
tending cut from the stringers. The fence is figured to resist a 
horizontal force of 2,000 lbs. applied at auv poiut. 

The anchorage at Pier No. 1, is shown on Plate 8. A steel grill- 
age is placed 33 feet Ik^ow the surface of the masonry which 
forms the counterweight and is composed of 2 plate girders run- 
ning all the way across the pier, above which are supported several 
15^' eye beams built in the masonry. The main girders are sup- 
ported by groups of 15" eye beams bearing on cast bolters through 
which the adjustable hangers pass. The four eye bars connecting 
the pins of the anchor aim descend through a well in the piers 
ar.^ tire connected' with the hangers by pins. Adjustment was 
considered advisable so that any small inaccuracy of placing the 
grillage could be rectified and also to put initial strain in the bars 
which would prevent any movement in the shoes of the anchor 
arm due to the considerable variation of the reactions. 
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The anchorage at pier No. 4 through the utilization of the dead 
load of the fixed span Is much lighter, the eye bars at pier No. 1 
being replaced by loop rods, and the counter-weight girders do not 
extend acro8S the pier. In other respects the construction is 
similar- 

The steel worl^ at both piers is placed in wells which can be 
entered from below and inspected or painted. Ladder rungs are 
placed in the masonry to enable a workman to reach the whole 
leLgth of the bars. 

By giving fairly complete drawings, which should show the gen- 
eral construction of the bridge, it was not thought necessary to give 
a written description of the details, which are very similar to those 
used in everyday practice. The stresses are statically determined, 
and no ambiguity of stresses in the main members occur. There- 
fore, stress diagrams and other computations are omitted, since to 
put them in proper form for publication would entail a vast amount 
of labour, and would be of little interest to those conversant wltn 
the elements of bridge construction. 

The principal part of the description is confined to explaining the 
methods and reasons for those details, which were somewhat diffi- 
cult to design and were dealt with in a somewhat unusual manner. 
In this way it was thought that the most useful information could 
be presented to the member^ of the Society for discussion expending 
the time and space for Its preparation to the greatest advantage and 
profit. 

The method of erection, which is probably the most interesting 
feature, is not here touched upon, as it will be fully treated in a 
separate raider hy the engineer who was in charge. 



Thursday, 5th December. 
B. Makceau, Vice-President, in the Chair. 

The following donation to the Library was' reported: —"Alti- 
tudes in Canada," by James White. 

It was moved by Mr. W. J. Sproule, seconded by Mr. G. Janin, and 
carried*— "That the Council is hereby recommended to obtain a list 
of Engineers practicing in the Province of Quebec who are not 
Members of this Society." 

Discussion on paper by Mr. C. B. Smith on "Discharge of Sew- 
age from Toronto Sewers in 1900/' occupied the evening. (See Part 
I, page 128 of this volume). 



Thursday, 19th December. 
John Kennedy, Past President, in the Chair. 

Paper No. 163. 

CONSTRUCTION OF THE SUBSTRUCTURE OF THE ROYAL 
ALEXANDRA (INT^RPRO VINCI AL) BRIDGE AT 
OTTAWA, CANADA. 

By Guy C. Dunn, M. Can. Soc. C.E. 

Since the Pontiac Pacific Junction Railway and the Ottawa and 
Gatineau, now the Ottawa Northern & Western Railway, have come 
under the control of practically the same management, it has been 
looked upon as a matter of absolute necessity that they should have 
an entrance of their own from the Province of Quebec into the City 
of Ottawa, in the Province of Ontario. After numerous surveys 
of the Ottawa River had been made, both above and below the Chau- 
diere Falls, it was finally decided to bring the two lines to a Junction 
In the City of Hull and across to the Ottawa shore at Nepean Point, 
and construct an approach between the Rideau Canal and Major's 
Park, going under Dufferin Bridge, and cutting an opening through 
the abutment of the historical Sappers Bridge ; thus making a 
connection with the Canada Atlantic system at the Central Station. 
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Several bridge surveys were made across the river at Nepean 
Point, but it was not until February* 1894, when a survey was made 
by the writer under Mr. W. Dale Harris, .the then Chief Engineer of 
the two railways, that a line was laid down, which, with a few minor 
changes, was finally adopted. Owing to the heavy deposit of saw- 
dust, slabs, etc., at the bottom of the Ottawa River, it was found ne- 
cessary to employ a steam diamond drill as being the only practical 
means of getting a reliable profile of the bottom of the river. A 
short description of the manner in which this was done may be of 
Interest. 

After the centre line was marked off on the ice, every 50 feet 
across the river, and two lines were run parallel to this, one 100 
feet up and one 100 feet down stream, borings were taken at every 
50 feet on both these lines, and afterwards at intermediate 
points where considered necessary. In masy cases, consider- 
able difficulty was found in getting the drill through the refuse 
deposited by the mills, which consisted not only of sawdust but 
of slabs and logs (some of the latter being of oak), and it 
was found necessary to abandon the diamond bit and use 
what is known as a blind bit, first filing the edge into rough 
teeth, and then sawing this through slabs, logs and sawdust 
until rock was reached, when the pipe would be withdrawn as gent- 
ly as possible, the rough bit replaced by the diamond and boring 
continued into the bed rock. A core of clean limestone, i3/j,,inche8^ 
was obtained at each hole, and no soil of any kind was found on the 
rock. The sawdust deposit ran from shore to shore, the greatest depth 
found being 60 ft., with 20 ft. of water above It at winter level. Nu- 
merous explosions of sawdust caused by the accumulation of gasei 
have occurred in the Ottawa River In. this vicinity, in some cases 
I strong enough to break the ice, upset row boats, etc.. but no ezplo- 

' sions of a serious nature occurred during the construction of our 

I works. After this survey was made, which included cross sections 

and contours of the heavy side hill between Nepean Point and Duf- 
ferln Bridge, nothing more was done until January, 1898, when the 
services of Mr. G. H. Massy, were secured by the Companies, and 
the final location of the piers and lay out of the bridge were decided 
upon. 

The bridge and approaches are over a mile and a third in 
length, and give the Railways a magnificent entry into the city 
of Ottawa. They consist of the Hull approach of 500 feet of 
earth embankment 15 feet high, 1,000 feet of timber trestle, aver- 
aging 20 feet in height, which crosses seven streets by steel girders 
on concrete piers, 690 feet of single track steel trestle on concrete 
pedestals, and 390 feet of double roadways. 

The main bridge, from pier 6 to the south abutment, is 1496' 9" 
long, consisting of one cantilever span 555' 9", 2 arms 347' each, one 
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truss 247^. one do., 140^, and two small shore spans on the south 
side respectively 27 and 32 feet long. From the south abutment 
on the Ontario side, at which point the waggon roads leave the 
bridge, the railway is built on rock embankment to St. Patrick St. 
Trestle, which is a three track steel trestle 270 feet long, the 
greater part being on a ten degree curve^ and from the south end of 
the trestle to Dufferin Bridge, a distance of nearly half a mile, the 
track is on half rock cutting and half embankment, held in by a 
heavy dry masonry retaining wall, in some places 50 feet in height, 
and allowing for three tracks on a roadway 40 feet wide. 

The contract for the bridge and approaches was let to Mr. H. J. 
Beemer, five of the water piers (1 to 5 inclusive) were let to Chas. 
H. Deans, and the contract for all the steel superstructure let to the 
Dominion Bridge Company, Limited, of Lachine. 

The writer will avoid as much as possible the general details of 
construction which have been so often described, and will endeavour 
to deal with those characteristics of the work which may be of some 
interest to the profession, as being out of the ordinary run of bridge 
work, and in some cases peculiar to this underta^ng, referring more 
particularly to the sinking of the caissons in the sawdust, the re- 
moval of the sawdust, the placing, sinking and filling of the cais- 
son for pier No. 2 (which is one of the deepest concrete piers on 
the continent), and the successful boring from the top of the con- 
crete in this pier to bed rock below, a distance of nearly 70 feet, andf 
obtaining satisfactory core all the way through. 

In laying out the river piers, owing to local conditions, it was 
considered advisable, by the Engineer in charge, not to use any base 
lines, but to rely entirely on intersections, and the work was laid 
out as follows:— A point was chosen on a wharf about 1,000 feet 
above the bridge and a permanent hub placed as shewn on sketch 
No. 13 at Point A. 

The different piers were laid out on the. ice, a steel ribbon over 
1,000 feet in length being used, and a line was run in parallel to the 
centre line of the bridge, and Iwenty-five feet above it. The transit 
was sighted on the intersection of this line with the longitudinal 
centre line of the pier, the line produced to the shore (or as it 
happened in one case to a crib), and a permanent hub put in. This 
work, of course, had to be done quickly to avoid any movement of 
the Ice, and checked over several times, an ordinary 6'' transit being 
nsed. The result was that all measurements on this structure 
came in practically exact. 

Pier No. 6.— Construction was commenced early in February, 
1898, the caisson for Pier No. 5 being the first to be sunk. Owing to 
the shallow water (21 feet), and there being only eight feet of saw- 
dust at this point, no difficulty was experienced in cleaning off the 
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Bite and sinking the caisson to the rock bottom, which was ready 
to receive concrete on the 26th February. The depositing of concrete 
was commenced on the 28th February, in the manner described later, 
and completed on the 2nd of March. 

Pier No. 4 was the next to be built A derrick scow having 
been constructed and rigged up with a powerful hoisting engine and 
a clam shell dredge, a channel was cut through the ice to the 
site, through which, with much difficulty, owing to the anchor ice 
freezing to its bottom, the scow was hauled to the point where the 
pier had been located. The sawdust at this point was 17 feet deep, 
and the clam shell commenced its removal on the 27th February. 
The contractor had the bottom cleaned off, caisson in position, 
and concrete commenced on the 5th March. In removing this saw- 
dust a considerable portion was deposited on the surrounding ice, 
and the residents of Hull carted away most of it to use as fuel ; 
perhaps in the future the large deposit now resting on the bottom of 
the Ottawa River may be utilized for some such purpose. This cais- 
son was filled in about four days. The caissons for piers Four and 
Five were ordinary bottomless ones of 12'^ x 12" hemlock. 
Masonry was commenced on piers 1, 4 and 5 (the former being a 
shore pier) immediately after the completion of the concrete 
filling. 

Pier No. 3. — On the 26th July dredging out sawdust was com- 
menced at Pier No. 3. The depth of deposit at this pier was 20 feet, 
with 22 feet of water above it, the clam shell removing the sawdust 
very slowly, owing to the slabs getting crossways in the clam and 
allowing the sawdust to run out. The excavated material was dep- 
osited into scows and towed to shore, where it was dumped. During 
this excavation a number of large logs were hauled out and a large 
sized anchor with piece of chain attached, the links of which were eo 
badly corroded that it fell apart. The excavation was made con- 
siderably larger than the area of the caisson, the sides having a 
slope of probably about 1 to 1. The sawdust itself formed a fairly 
compact mass, as the slabs tied it together and assisted to keep it 
from falling In. On the 12th August, the preliminary cleaning off 
of the foundation rock was completed and the caisson towed into 
place. This caisson and the one for pier No. 2 were of similar de- 
sign. They were built of 12'^ x 12" hemlock, braced wtth 4 heavy tim- 
bers over every four courses and tied into the sides. Owing to the 
depth of water at these two piers (about 46 feet at pier No. 3 and 74 
feet at pier No. 2, summer level), the caissons were designed in 
such a manner as to allow all weight necessary to sink them to be 
placed at the bottom, and at the outside, therefore not robbing the 
concrete of any of its legitimate area inside the caisson. As will be 



Royal Alexandra (Interprovincial) Bridge, Ottawa, 179 

seen by the plan, the upper part of the caisson was built on the same 
batter as the masonry, 1 in 24, but when it reached a point about 15 
feet from the bottom* the batter was sufficiently increased to allow 
a wall to be built from the cutting edge up all around the caisson 
and tied into the main wall, thereby forming a pocket capable of 
holding enough sinking material to lower the caisson to the desired 
depth. The plans for these caissons were designed by Mr. L.ee 
Tread well, the contractor's Engineer. After the caisson hati been 
placed approximately on centre, sufficient sand and broken stone 
were deposited into the sinking pocket to lower it until cutting edge 
was almost touching bottom. Divers were then sent down to remove 
any remaining sawdust, which was sent up in a large iron bucket to 
the surface. This took a considerable time, the divers complain- 
ing greatly of the heat caused by the accumulation of sawdust 
around the caisson; the caisson was then placed exactly on centre 
and lowered to the bottom. The bottom edge having been scored 
when constructed to approximately fit the bed rock, no trouble was 
experienced in placing this caisson, as there was no current at this 
l)oint and the bed rock at this pier as well as at piers 4 and 5 did not 
need further levelling. After the divers had packed any holes and 
crevices found around the bottom of the caisson, the Company's in- 
spector was sent down for a final examination, and on his report 
being satisfactory, depositing the concrete was commenced on the 25th 
August, and continued night and day, until completion on the 31st 
day of the same month. The concrete for this pier as well as at 
piers 4 and 5 was composed of one of cement, one of sand and about 
fire of broken stone. The broken stone was not screened, as after 
testing the stone chippings by using them instead of sand in bri- 
quettes, the result was very satisfactory, and it was decided to allow 
their use in the concrete. 

The concrete at piers 4 and 5 was mixed by hand and that at pier 
3 was mixed by a Sooysmith mixer which did excellent work and 
gave entire satisfaction. It is a horizontal cylindrical machine about 
14 feet long, having a shaft running longitudinally through the cen- 
tre, to which was attached a number of paddles. It was placed on 
a scow alongside the caisson. The cement, sand and stone were 
supplied by carriers on endless chains and the water obtained 
from a tap controlled by a man. The cement and sand were the 
first to enter and got thoroughly mixed before they reached the 
point where the stone and water entered a]most simultaneously. 
Everything then got a thorough mixing and was finally ejected from 
the end of the cylinder into the depositing kibble. As the carriers 
were set at their proper proportion before the machine was started, 
and all worked from the same gearing, there was no measuring 
required ; all the inspector had to do was to see that the carriers 
were kept full. 
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Pier No. 2. — The construction of the caisson for pier No. 2 (see 
plan No. 15) was commenced on the Hull shore. The caisson was 
launched and then towed over to the quiet water below Nepean 
Point, where it was completed. This caisson, from top to bottom, 
was about 76 feet high, and as previously stated was a similar de- 
sign to that of No. 3. The clam shell commenced excavating the 
sawdust at pier No. 2 on the 2nd September, 1898. and the process of 
removal was similar to that employed at Pier 4; owing, however, 
to there being a more swift current, a larger area had to be excav- 
ated before the caisson was placed. The sawdust at this point was 
16 feet deep, with 57 feet of water over it. Two scows 80' x 20' 
each were now placed, one on each side of the caisson; a truss built 
from one scow to the other at each end (see plan No. 15), and the 
caisson suspended from them by heavy cables, sufficient ballast hav- 
ing been put into the sinking pocket to keep it steady. On the 16tli 
of September they were towed into position, the current at this 
point running at about 3 miles an hour. Cables were then stretch- 
ed from the scows to rock bolts, and to pier No. 1 on the Ontario 
shore, to two heavy ship anchors on the river side, and up 
stream to a large Chinese anchor, the cable from this anchor enter- 
ing the bow of the caisson some distance below water level. Al- 
though all the anchors were bearing on sawdust debris, no dragging 
occurred. 

The caisson was then lowered almost to the bottom and divers 
sent down to remove the balance of the sawdust. They found the 
shore slope of the rock to be very smooth and to extend some dis- 
tance into the caisson. The contractor was therefore instructed to 
blast this section from one end of the caisson to the other. A steam 
drill was brought into requisition and a line of holes drilled about 3 
feet deep and 5 feet apart. A diver was sent down to load them and 
they were fired by the battery from the top. The loose stone was then 
removed and the caisson placed in position, being almost to an inch 
on centre both ways, but owing to its extreme height it was diffi- 
cult to ascertain as to its being plumb. This was, however, checked 
in three different ways; firstly, by a level across the caisson, and 
secondly, by its batter, by running a straight edge down the side. 
Owing to the great height of the caisson— nearly 80 courses of tim- 
ber — ^these tests were not considered sufficient, and as a third test a 
plumb bob was obtained, weighing about 50 lbs., and was lowered 50 
feet from the inside edge of the caisson, first on one side and then 
on the other. A diver was sent down with a stick, with which he 
measured from the sides of the caisson to the cord, marking the 
place on the stick; repeated trials gave the same result, and the 
caisson was found to be practically perpendicular. The divers wew 
once more sent down to pack any crevices at the bottom of the cais- 
sons with bags of neat cement. 
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The diving at this pier was a very interesting feature of the 
work, and the men worked under great difficulties, owing to the im- 
mense pressure. Half an hour as a rule was the length of Ume 
they could stay down, although on one occasion one man remained 
down for two and a Quarter hours. The water was very dark and 
nothing could be seen after they had descended twenty feet below 
the surface. After the Company's diver had made an entirely satis- 
factory report, the contractor received instructions to commence the 
deposit of the concrete, which he did an the 9th of October. The 
concrete for the lower twenty-five feet of this pier was mixed with 
the mixer and the specifications were altered to 1 of cement, 
2 of sand, and about 4 of broken stone. Work was continued 
until the 17th of October, when 24 feet in depth or practically one- 
third of the concrete portion of the pier had been deposited. Just at 
this time an unfortunate accident happened to a large bridge under 
construction, killing a number of men and causing several sensa- 
tional articles to be published in the local papers regarding bridge 
work in general and concrete in particular, and, by orders from the 
Dominion Government, work was suspended on this pier, the Gov- 
ernment Engineers holding the Companies to a certain clause in 
their specifications, which stated that the. caisson might be 
pumped out and the balance of the concrete deposited dry. To do 
this with the caisson which had been constructed was impossible, and 
the cost of adapting it for and obtaining a compressed air plant was 
prohibitive, or at least was not considered to be warranted, as the 
concrete and the methods of depositing were believed to be in every 
particular satisfactory. A test of the concrete already deposited by 
means of a diamond drill was then suggested, but it was not until 
the 10th of March, 1899, that permission was obtained from the 
Government to proceed with the work conditional to satisfactory 
core being produced through the 25 feet of concrete to the bed rock. 
The same drill was obtained that was used on the survey in 1894, 
and operations were commenced, but. owing to the depth of water 
which had to be drilled through, and, although a diver was sent down 
to steady the drill rods which were old and shaky, it was found im- 
possible on account of the great vibration to obtain satisfactory re- 
sults. A request was then made to the Government for permission to 
deposit the remainder of the concrete to its calculated height, condi- 
tional to our giving them a satisfactory core from top to bottom. 
This was finally agreed to, and concrete again deposited after first 
washing off the top of the old deposit as well as possible with a 
steam pump. Owing to the test that had to be made and on account 
of not being able to obtain any facts in regard to any previous bor- 
ings in concrete, the proportions of the concrete in the last deposit 
were increased to 1 of cement, 1 of sand, and what stone it would 
take, and the caisson was finally filled on the 1st of April of the 
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same year. This last deposit was mixed by hand, the weather being 
too cold to allow the use of the mixer. The platforms were on the 
Hull shore and the concrete shovelled into the kibbles, which were 
drawn to the piert>n sleighs. The sand and water were slightly 
warmed, very little salt being used, and the temperature of the con- 
crete, when placed in the kibbles, averaged 55 to 58 degrees Fah., 
and did not vary before beins: deposited under water. The concrete 
was allowed to set until the 19th of August. 

During the deposit of the concrete in the lower portion of this 
caisson a diver was sent down to report as to whether the concrete 
was leveling itself off or not, as an opinion was expressed that it 
should be raked over or shoved with a hoe to the sides and into the 
nose at the bow, but he reported that it was of its own accord filling 
up to the sides of the caisson most satisfactorily, and did not require 
any assistance. 

When the caisson was un-watered the best diamond drill to be 
found was secured and started in the concrete. The first bit used gave 
a core of 2W diameter, and satisfactory results were obtained from 
the start. The hole was run down 40 feet when, owing to the wall 
giving so much trouble and delay on account of a lot of loose stone, 
broken core and chippings which had scraped off, it was considered 
better to start a new hole than to take the time to clean this one out, 
and hole No. 2, which was carried through the bed rock, was com- 
menced. No difficulty was experienced until a depth near the bot- 
tom of the pier was reached, when the vibration of the drill became 
so great that collars had to be attached to the tubing, and when near 
the bottom the bit ^as changed for a smaller one, giving a core of 
1%'^ dia., which was used until bed rock was reached and a piece 
brought up. This core was obtained in pieces from about two to six 
inches long and is now in the possession of the Dominion Govern- 
ment, who had an inspector on all the work done on this pier. In 
this boring the drill went through four different brands of cement, 
and no appreciable difference could be noticed in the core obtained 
as we passed from one deposit to another. The diamond drill was 
aiso run into the foundation of Pier No. 4 for about 12 feet, and ex- 
cellent core obtained. 

The concrete in all the piers was deposited through the water 
until it reached a point about 3 feet below the extreme low water 
mark, and after it had sufficiently set, the water was pumped out and 
the concrete levelled up to within two feet of low water ready for 
the masonry. 

The concrete kibble used for depositing the concrete Is shown 
in the sketch below and was found very satisfactory. Owing to its 
wedge shape it created very little disturbance in going through the 
water, and had a capacity of 29 cub. feet. The doors opened from 
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the bottom, and every precaution was taken to guard against the 
kibble being tripped before reaching bottom. A canvas cover was 
used, and tied securely to each bucket before it was lowered. 







CApActrr 2S cu,r-t. 



During the progress of the work on pier No. 2, the following 
tests were made when the first deposit of concrete was being put in. 
A kibble full was put down in the caisson at the usual speed to a 
depth of about sixty feet and then raised slowly to the surface. 
Owing to the flat surface of the concrete at the top of the bucket 
the water offered a strong resistance to motion through it and 
gave a very severe test for wash. On the bucket reaching 
the surface, very little wash was noticed and two cement barrels 
were filled from the top and put under water to set Two weeks 
later a diamond drill was run through them in several places, and 
gave excellent core. When the caisson was nearly completed one 
more test for wash was made. A large wooden box, having a 
capacity of over two cub. yards, was made and sunk in the cais- 
son on top of the concrete deposit in about eight feet of water. 
A kibble was then filled with concrete and let down through the ice 
Into the stream outside the caisson to a depth of over 50 feet. 
It was raised with the Intention of lowering It into the box, but 
owing to a mis-calculation, the latter had been made too small, and 
it was necessary to trip It above the box, letting the concrete sift 
through 3 feet of water; this was repeated with another bucketful, 
which filled the box. Owing to the severity of the test it was not 
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thought that the sample would be of any use, but when the caisson 
was de-watered it was found In a very satisfactory state, and on the 
diamond drill being run through it, although no core was obtainod, 
the wall stood hard and firm. 

The following brands of Portland cement were used in this 
pier, viz.. Star. Hercules, Alsen and Mannhelmer, a sample of each 
being tested by McGlll College, and continuous tests being made by 
ourselves all through the progress of the*work. The sand used was 
good, clean river sand, which was obtained from under the surface 
of the water near the Hull shore, about two miles below the bridge. 
The Company had a number of inspectors on the work day and 
night, their chief duties being to check quantities used in the con- 
crete and superintend the mixing of the same; to see that the coa- 
crete bucket was lowered very gently until it was under the sprfaoe 
of the water; and to also see that it was not tripped until it^reacb- 
ed bottom. The Government also had an inspector on all the 
work on No. 2 pier, and on most of the other important wort. 
During the winter of 1898-1899, grave fears were entertained 
for the safety of caisson No. 2, as it had then only 24 feet of 
concrete at the bottom, and there remained over 50 feet stand- 
ing up in the river, a hollow box, exposed to local ice shoves 
and to the steady pressure of the anchor ice which at this point we 
found to be over 30 feet deep. To as far as possible counteract any 
pressure, the contractor was instructed to put extra bracing inside 
the top of the caisson and to keep the surface ice out for a distance 
of several feet around the caisson. This he did, and no ill effects 
were experienced; but had the balance of the concrete not been de- 
posited in April, the spring ice floating out would most assured- 
ly have destroyed the caisson. The fllling up was only completed 
on the 1st of April. On the 19th of the same month the icd 
was moving out of the river, and one block from the bay at the 
foot of the locks with an area of over 30,000 square feet of surface 
ice about two feet thick, and anchor ice below that anywhere 
from 10 to 20 feet thick struck the top of the caisson and rested 
there for several days; efforts were made to blast it, but dynamite 
had no effect, and, when it finally broke away, it was found that 
a few of the top timbers and some of the bracing of the caisson were 
slightly injured, but otherwise no harm was done. This in itself 
was a severe test on the pier. Another severe test received by this 
pier was during the erection of the superstructure; the south 1^ 
of the cantilever span was swinging out a distance of over 270 
feet for upwards of three months and. was during that time «• 
posed to some gales blowing over 60 miles per hour. 

All the upper portions of the piers are solid masonry, no con- 
crete backing being used, and were built under the usual specifica- 
tions for first class masonry, the bridge seats and copings being 
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hammer dressed, and the remainder rock face. The limestone used 
for piers Nos. 1, 2 and 3 came from Eganville, Ont, except the cop- 
ings of two or three, which were obtained from Crookston, as were 
the copings for piers 4 and 5. The balance of these latter two piers 
were built of stone from Rockland, Ont. The stone for pier No. 
6 was brought from the Terrebonne quarries. Concrete was used 
for all the trestle pedestals, also for the abutments of all bridges 
over streets in Hull. 

From the south end of the bridge to Central Station, three tracks 
were laid of 75 lbs. steel rails, with crushed Stone ballast, the two 
outside ones now being operated by an electric service running from 
Ottawa to Aylmer across the bridge on the highway portion, and the 
centre one is used by the trains of the Ottawa Northern and West- 
ern Railway, and in a week will also carry the trains of the Pon- 
tiac Pacific Junction Railway. To make a connection with the 
tracks of the Canada Atlantic Railway at Central Station, as the 
writer previously stated, it was necessary to cut out a portion of 
the abutment of the Sappers Bridge, which is a stone arch over the 
Rideau Canal, and was built by the Royal Engmeers in 1827; the 
abutment was 24 feet thick, the walls being anywhere from two to 
4 feet thick and on the south side the top of the wall was about 2 
feet thicker than the bottom. The lime used had deteriorated until 
it apparently had no consistency, but the masonry held together in 
a most remarkable way. Earth filling had been chiefly used between 
the walls. 

The superstructure of the main bridge is being dealt with in a 
paper by a member of our Society, and the writer will refrain from 
touching on it, except to state that the bridge is free to vehicles and 
pedestrians forever and that the Company keeps the waggon roads 
in repair for thirty years. Before being opened to the public the 
bridge and approaches were inspected and found entirely satisfac- 
tory by the following officials: R. C. Douglas, Bridge Engineer, and 
E. V. Johnson, Inspecting Engineer for the Dominion Government; 
Louis A. Valine, Director of Railways for the Province of Quebec; 
Robert McCallum, Inspecting Engineer for the Province of Ontario; 
and Newton J. Ker, City Engineer of Ottawa, Ontario. 

The first locomotive crossed the bridge on the 12th Decem- 
ber, 1900. The roadway portion was opened to the public on the 5th 
March. 1901, and the first passenger train to cross was the Ottawa 
Northern & Western Railway express, on the 22nd April, 1901. This 
undertaking as a whole is a monument to the energy of Mr. H. J. 
Beemer, the original promoter and, later contractor, who, practi- 
cally unaided, and with seemingly unsurmountable obstacles In his- 
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way, has finally brought the work to completion. The permanent 
Engineers' staff was as follows: 

Ouy G. Dunn, Chief Bngineer. 
F. A. Hibbard, Resident Engineer. 
A. W. H. Stimpsoiii Ass't Engineer and Draughtsman. 
C. E. Fouse, Inspector Superstructure (Pittsburgh Testing 
Laboratory). 
The following is a summary of a few of the quantities: 

Sawdust Concrete 

Pier No. 2 1,000 cu. yds. 2,579 cu. yds. 

Pier No. 3 800 " 1,462 " 

Pier No. 4 370 " 728 " 

Pier No. 5 300 '* 394 



DISCUSSION. 

Mb. C. B..W. DoDWELL remarked that the Alexandra Bridge at 
Ottawa, of which the substructure was described in Mr. Dunn's 
paper, would rank as one of the notable bridges of the country In 
length, cost and importance, if not In boldness of design and diffi- 
culty of construction. The railway companies, to whose enterprise 
and far-sightedness its projection was due, were to be congratulated 
on its completion. The only distinctive feature of especial interest 
that distinguished this work from many others of a mainly similar 
character was the remarkable depth of sawdust through which the 
pier foundations were carried to rock bottom. This, while probably 
greater than in any other river in Canada, owing to the magnitude 
and extent of the lumbering industries of the Ottawa, was not 
peculiar to that stream. In the Maritime Provinces there was more 
or less sawdust in every stream big enough to drive a mill or float 
a log, and for many years (In some cases nearly a hundred) not only 
sawdust, slabs and the refuse from sawmills, but, in Nova Scotia at 
any rate, the pulverized tailings from quartz crushers, had been 
thrown, not only with impunity, but with an absolute disregard of 
consequences, into streams that formerly teemed with trout, salmon 
and other fish. In the La Have River, where he had made a survey 
four or five years ago with a view of some dredging for the widening 
of the ship channel, there was found sawdust of a thickness of nearly 
20 feet in depth for several miles. The result of this wholesale, reck- 
less pollution of the streams was that in the most beautiful of them 
trout and salmon were now rarely found. It might perhaps be 
urged in defence of this time-honoured mode of disposing of mill re- 
fuse that the lumber interests of the country were of more import- 
ance and value than the river fisheries; but when the sawdust and 
slabs could so easily, and with such an insignificant additional 
outlay, have been burned or otherwise so disposed of as not to be a 
nuisance and positive detriment, it was a great pity that proper 
legislative restrictions were not made and enforced in the earlier 
days of the lumbering industry of the country. At this date most 
of the sawmills in Nova Scotia and, he believed, in New Brunswick 
also, burned their refuse either as fuel or in specially constructed 
furnaces or incinerators; but the mischief to the streams was done, 
and the lordly salmon sought purer and sweeter spawning grounds. 
It was to be hoped that some day an inventive genius would discover 
a hidden value in sawdust. For such there would await a princely 
fortune. The mode of excavating the sawdust for the pier found- 
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ationa seemed to have been simple and effective, and the nature of 
the work to be done peculiarly suited to the clam-shell form of 
bridge. It was fortunate for the contractor that between the saw- 
dust and the rock there was not found a stratum of gravel or clay. 
The form of kibble for depositing the concrete did not appear to 
him to be an impxx)vement on that adopted at the Canadian Pacitic 
bridge over the St. Lawrence at Lachine, which was a square iron 
box, holding 2 cubic yards, with a closing top hinged in two leaves 
and a similar bottom tripping by means of a simple latch. This con- 
struction caused the minimum disturbance to the concrete, and its 
operation was everything that could be desired. The author's paper 
had the same defect that characterized nearly every paper of a similar 
nature that had ever been published in the Society's Transactions, 
namely, the conspicuous omission of all mention of cost and prices. 
It was comprehensible that there might be instances in which, for 
business or other reasons, there would be objections to the publica- 
tion of the details of the cost of certain works, but, in many cases, 
authors of papers would not find these objections insurmountable, 
and they should consider the tremendously added value that would 
attach to their papers by making the subject of cost a prominent 
feature. He hoped that in his reply to the discussion the author 
would add an appendix to his paper giving particulars both of cost 
and quantities. 

Mb. G. H. Massy observed, that, so far as he was aware, the first 
Instance in which bottomless caissons filled wHh concrete were used 
was in the construction of some of the bridges on the Intercolonial 
Railway about thirty years ago. Since then, this class of foundation 
was adopted in the construction of the Chaudiere Bridge at Ottawa 
in 1879, on the Lachine Bridge in 1886, and at the International 
Bridge at Sault Ste. Marie in 1889, together with many other cases 
too numerous to mention, thus giving a continuous practical test 
of this class of work extending over thirty years, and In every case, 
80 far as he was aware, the result had been satisfactory. As in all 
work which depended upon the excellence of the concrete, the great- 
est care was required in the choice of materials, proportions, mixing 
and depositing. Allowance had also to be made for loss of cement 
due to the washing action of the water during the process of de- 
positing, especially where there was any current; and also, it should 
be remembered, that once the concrete was deposited it must b« 
neither rammed, leveled nor otherwise disturbed, as the least agita- 
tion separated the cement. Ramming would probably add one-third 
to the strength of concrete, but it must be dispensed with in this 
class of work. Much had been written and said about concrete. Dut 
rtill it was an open question as to what the proper proportions should 
be for certain classes of work. The strongest concrete was probably 
produced when the mortar was rich in cement and no more morter 
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used than was sufficient to fill the voids in the stone. Another 
source of danger to be guarded against was the deteriorating effects 
of water forced through very pprous concrete, which he was 
inclined to think might cause trouble. More experiments were re- 
quired on these points. It would be generally admitted that machine 
mixing when well done was superior to mixing by hand; but with 
some continuous mixers, especially when starting and stopping, the 
concrete produced was either too wet or too dry, or had not the pro- 
per proportion of ingredients. The author appeared to be fortunate 
in securing the services of such a good continuous mixer as that 
used in the Alexandra Bridge. 

The Author, replying to the discussions on his paper, agreed 
with Mr. Massy in every particular, unless, perhaps, as to concrete 
losing one-third of its strength by not being rammed. In reply to 
Mr. Dodwell's criticism, he observed that from the experience he 
had had in depositing concrete he considered the V-shaped kibble, 
as used on the substructure of the Interprovincial Bridge, an im- 
provement (especially in deep waterwork) on the square bucket 
usually adopted, as, on account of being wedge-shaped, it cut 
through the water with much lees disturbance than the square bot- 
tom, and when opened, while resting on the bottom, the concrete 
was deposited on the foundation rock without having to pass through 
a foot and a half or two feet of water, as necessitated by the square 
bucket. As regards the omission of costs and prices in his paper, 
he fully appreciated the additional value of a paper in which such 
figures could be given; but the engineer in charge of work was 
placed in such a delicate position of trust, both in the interests of 
the company he was working for and the contractor who was doing 
the work, that, without the Joint permission of both parties con- 
cerned, it was impossible that such figures could be given. 
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ERECTION OF THE ALEXANDRA BRIDGE. 
By H. D. Bush, M. Can. Soc. C.E. 

This bridge crossing the Ottawa River between Ottawa, in the 
Province of Ontario, and Hull, in the Province of Quebec, was 
called^ during construction, the Interprovincial Bridge, at Ottawa. 

During the visit of the Duke and Duchess of York to Canada. 
in 1901. the bridge was formally opened, and named after the pres- 
ent English Queen. 

The method of building the substructure and the design of the 
superstructure have already been described In the papers of Guy C. 
Dunn, Member, and F. P. Shearwood, Asso. Member, of this Society 

The profile shown on Plate 16 gives the numbering of the plera 
from 1 on the Ottawa to 6 on the Hull shore. The spans will be 
designated by the numbers of the piers they connect, as 2-3 for tne 
cantilever span, etc. 

Somewhat unusual conditions were found here. From tne 
Ottawa shore the bed rock slopes abruptly to a depth of seventy 
feet In a distance of about 200 feet. From this point to the Hull 
shore the bed rock is covered wi^th a deposit of saw-dust, mill re- 
fuse, etc.. in one place to a depth of 50 feet. 

The general method of erection was decided on by the engineers 
of the Dominion Bridge Co., Ltd., when the contract for iha snpe^ 
structure was awarded. A central cantilever span of 555 feet 9 
inches was designed, and it was planned to erect the two canti- 
lever anchor arms each 247 feet and one other span of the same 
length, on falsework, to be supported on four scows carrying tim- 
ber trusses fop distributing the load, the scows being connected by 
the trusses, so that the whole structure could be floated togetner 
from span to span. 

The writer's connection with the work began in July. 1899. At 
that time the scowfe were being built at Lachine, the drawings wr 
same having been made immediately after the contract was let 
The writer then, under the general direction of Mr. Phelps Johnson, 
M. Can. Soc. C.E., Manager of the Dominion Bridge Co., Ltd., made 
designs for the remaining features of the erection plant, timber, 
trusses, derricks, traveler, etc., and. later, went to Ottawa, remain- 
ing there during the construction of the bridge. 

The bridge was built for what is now called the Ottawa, Nor- 
thern A Western Railway Co., and is arranged to carry one steam 
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railway track between trusses 24 feet centre to centre. The spaces 
on each side of the track between the trusses are used for foot walks. 
Outside the trusses, on each side. Is a roadway 21 feet wide, sup- 
ported on cantilever floor beam brackets, carrying an electric railway 
track close to the trusses, and leaving room for the vehicles outside 
of the same. This makes a total width of bridge of 66 feet. 

The metal weight of the cantilever structure alone was approxi- 
mately 5,000,000 lbs. 

The outer floor beam brackets and stringers were not placed in 
position on any span until that span had been fully connected and 
become self-sustaining. The weight of metal in one of the 247 foot 
spans, as erected on the falsework, exclusive of the roadways, 
pier members, etc., was 910,000 lbs. The weight, exclusive of tra- 
veler, supported by the scows during erection, was about 1,400,000 
lbs., made up as follows: — 

Metal work 910,000 lbs. 

Howe Truss and Falsework 

on same 308,000 lbs. 

Blocking 42,000 lbs. 

I-beams and blocking under 

Howe Truss 140,000 lbs. 1,400,000 lbs. 

As there were four scows employed, this gave a load of 350,000 
lbs. per scow. In addition to this, each scow in turn had to support 
the weight of the traveler (except as it might be partly distributed 
by the Howe truss), amounting to about 140,000 lbs. 

The maximum load for each scow was taken at 450,000 lbs., or 
112,500 lbs. at each of the four points of bearing on the scows. 

The scows were especially designed for the concentrated load 
to be placed on them during erection. Bach scow contained two 
longitudinal steel trusses, which were 22 feet 6 inches apart between 
centres, 6 feet 8 inches high, and divided into panels of 6 feet 3 
Inches. 

Opposite panel points of the bottom, chords were connected 
with 15'^ — 42" rolled I-beams, under which were 4 inch by 12 inch 
longitudinal timbers, to which the 3 inch bottom planks were spiked. 

Timber posts above the floor beams supported timber deck 
beams and planking. 

The construction of the scows is shown by the drawing, plate 
No. 16. 

The scows were 100 feet long, 26 feet wide and 8 feet deep out- 
side measurements. 

Bach scow was estimated to weigh 150,000 lbs., and, when empty, 
to have a draft of 13% inches. 
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The estimated displacement of one scow was as follows;— 



Lbs. 
For 2 feet draft 277,000 

For 3 feet draft add 149,600 
For 4 feet draft " 154,750 
For 5 feet draft ** 158.500 
For feet draft " 161,000 

The maximum estimated load of 450,000 lbs. per scow, would 
therefore, correspond to a draft of 4 feet IV2 inches, and the ioaa ot 
350,000 lbs. (not including the traveler), a draft of about 3 feet 6 
Inches. 

The contractors for the superstructure had been given to under- 
stand that there was very little change in the level of the Ottawa 
River at this point during the months of October to March, when it 
was proposed to erect spans 6-5, 5-4 and 4-3. In fact, the writer 
was instructed to work on the assumption that the average height 
of water would be at elev. 94 above the bridge datum, 'and that it 
might fall to 93 or rise to 95. 

During the year 1899 it was difficult to get early delivery of 
steel from the rolling mills. For this reason the manufacture of 
the bridge was so delayed that the erection of the steelwork, start- 
ing at pier 6, could not be begun until December, 1899. The erec- 
tion of span 5-4, the first one on which the floating falsework was 
used, began January 12. instead of at least two months earlier, as 
originally planned. This delay gave rise to unexpected difficulties 
in moving the scows through the ice, as will be described later. 

It was also learned that there was more variation in the level 
of the river than had been expected. From the 13th to the 17th of 
December the river rose from elevation 94.5 to elevation 98.1. This 
occurrence, three weeks after the writer's arrival at Ottawa, 
prompted him to examine the records of water levels. Mr. A. T. 
Phillips, M. Can. Soc. C.E.. kindly gave access to the records, m 
the office of the Rideau Canal, of the gauge at Lock No. 1, in the 
bay Just above the Ottawa end of the bridge. The elevation of the 
bottom of this gauge is 85.92 feet above the bridge datum. The 
readings of the gauge from 1884 to 1899 were copied and a table 
made, adding each reading to 85.92 giving the height of wat«r above 
the bridge datum. From this table the chart on Plate No. 18 was 
prepared. This chart has been made complete to December 31, 1901. 
BO as to include the extremely low water in the fall of that year, and 
it is here given, not only for its connection with the bridge erection, 
but in the belief that it will be found of value to engineers called 
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upon to study the flow of the Ottawa River with reference to power 
development. 

It will be seen from this chart that a sharp rise in November 
and December is a common occurrence, but that outside of these 
months the variation In height in any one year in either September, 
October, January or February is about 3 feet. 

It was proposed to take care of most of the variation in the 
water level by pumping water into or out of the scows, starting work 
with water enough in them to give 5 feet draft. Pumping in more 
if the river rose, and pumping out if the river fell, and, in any case, 
pumping out water to correspond to the weight of metal added as 
erection progressed. 

Ihere should have been about 2 feet of removable blocking be- 
tween scows and truss for erection of spans 5-4 and 4-3. Span 5-4 
could not have beep placed on the piers at the time of the December 
rise, for instance, without this, although in January it was not 
needed. 

Two upright boilers, of about 20 H,P. each, were set up on one 

of the inner scows, and 2 Inches steam pipe run from the same to the 

other scows, with branches to six steam syphons: 4 (1 on each scow) 
uaed for pumping water out of the scows, and 2 (1 suspended be- 
tween each pair of scows, with spouts running to either scow) for 
pumping water into the scows. The syphons had 6 inch suction 
pipes, and were used because they happened to be in stock in the 
Dominion Co.'s erection plant. The steam pipes were protected with 
cellular asbestos covering and enclosed in a wooden box. 

The trusses over the scows were of the Howe Truss type, 20 feet 
high. The panels of the bridge were each 30 feet IOV2 inches. The 
Howe Truss panels were one-half of this, or 15 feet 5^4 inches. The 
angle blocks were of oak, with 10 inch faces. The chords were made 
33 inches wide of 3 inch by 12 inch plank, dressed to exact thick- 
ness, -in 8 continuous leaves (4 spliced in each panel, making the 
planks 30 feet 10% inches long), and three packing and splicing 
pieces, also 3 inches by 12 inches in each panel, 15 feet long, be- 
tween the ends of which were spaces, through which passed the rods. 
There were three of these rods at each panel point and they were all 
1% inches, except at the ends, where they were 1M> inches square- 
The planks were well bolted together with 28% inch bolts per 
panel. The braces were composed of two pieces, 10 inches by 11 
inches, and the counters of 1 piece 10 inches by 11 inches. 

The general arrangement of Howe Truss and scows is shown in 
plate No. 16. The alternate top chord panel points of each Howe 
Truss were assumed loaded with 90,000 lbs. each. The trusses were 
figured to carry this load if any one of the scows sunk by accidental 
dropping of material from above, assuming, however, that the ex- 
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treme ends of the trusses were supported. The concrete foundations 
of the piers provided a good ofTset outside the stonework, on wbicn 
timber bents were placed. Blocking was kept on these bents under 
the ends of the Howe Truss as a safeguard, and to Increase tlie 
stability of the structure against tilting by wind. 

The loads being brought over the scows at panel points 30 feet 
10% Inches apart, and the steel trusses in the scows being 22 feet b 
inches C to C, five 20 inch I-beams, 32 feet long, were placed across 
the scows under each truss to prevent bending stresses in the choras. 
These were clamped together with wooden blocks and bolts to avoid 
punching. Oak blocks, 8 inches by 10 inches, were placed between 
these beams, and bottom chords of Howe Truss close to truss rods. 

On top of the Howe Trusses were 7 bents of falsework,- 4-20 feet 
high, and 3-15 feet, 10 feet and 5 feet high respectively, to fit under 
the bottom chords of anchor arm spans. Temporary bents were 
placed on top of the short bents to bring the top of falsework level 
for span 5-4. 

The falsework bents were each supported on two 20 inch beams 
extending across from truss to truss, placed on the top chords close 
to bearing plates of truss rods. 

After the scows had been launched at Lachine, the Howe Trusses 
and top falsework and the traveler to be used in erecting the bridge 
were framed In the shop yard and loaded on the scows, together with 
five 12 ton stiff-leg derricks and the I-beams, anchors, chains, etc., to 
be used. Five scows had been built, the fifth one to be used as a 
derrick scow. The scows with their loads left Lachine in November. 
1899, just before the close of navigation- The toaterial was un- 
loaded at the Hull end of the bridge. 

The scows were placed in position between piers 5-4, and the 
Howe Truss and top falsework erected on the same with the derrick 
soow. Three of the 12 ton derricks were set up along the Hull ap- 
proach, one with a 72 foot boom, close to pier 6, to lift material up to 
load on lorries on the bridge track. 

Arrangements had been made to carry the steelwork from Lach- 
ine to Hull over the Canadian Pacific Railway. From the Hull 
station, about IV-j miles from the bridge site, the cars were brought 
down at night over the tracks of the Hull Electric Railway Co.. 
using an electric locomotive. Much of the material, on account or 
its length, had to be loaded on two cars, and it may. be of interest 
to note that the cars passed over one curve of 80 feet radius in the 
Hull Electric Co.'s tracks, and one of 100 feet radius in the 
Dominion Bridge Co.'s spur track without difficulty. 

Steel began to arrive at Hull. December 10, 1899, and the erec- 
tion of span 6-5 began December 20, 1899. This span (6-5) was 
erected on ordinary falsework, two bents on the ground and two 
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bents supported on 61 feet plate girders belonging to the Hull ap- 
proach to the bridge^ which were placed to span from an old crib 
wharf to a bent set on the concrete foundation of pier 5.^ This span 
was erected by a simple movable bent- In all the spans the vertical 
posts, after being bolted to the deep floor beams, "stood alone. " 
which fact greatly simplified the erection. 

As soon as span 6-5 was completed, January 3, 1900, the erec- 
tion of the traveler was begun. This consisted of a rectangular 
"inside" tower supporting top trusses, which overhung the tower at 
each side in the plane of the bridge trusses, and also overhung one 
land one-half panel lengths, or 46 feet 3% inches in front of the 
tower for the cantilever work. 

The tower was erected on span 6-5, and the two top trusses put 
together complete on the ground, one on each side of the bridge, and 
hoisted up one at a time, as shown in Photo No. 1, January 10, lyou. 
The traveler tower was made 18 feet 6 inches wide and 28 feet 
long^ C to C of posts. This width just gave clearance on each side 
inside the bridge trusses. The length of the tower was made less 
than the bridge panel length, so that, with centre of forward posts 
at a panel point, top lateral and sway bracing could be bolted in 
place Just behind the traveler. 

The rear posts were 12 inches by 12 inches. The forward posts 
were each made up of three leaves of 7 inch by 12 inch timber 
bolted together to break joints. The two outer leaves were 63 feet 
high. The centre one extended up 30 feet higher, supporting a 7 
Inch by 12 inch cross timber, 22 feet long, and, over that, a 15 
Inch 50 lbs. I-beam, 26 feet long, to which the tackles for lifting 
the top trusses were attached. 

The tower was braced on four sides by timber horizontal struts 
and diagonal adjustable rods, except in the bottom panels of the 
transverse bracing. 

About 18 feet above the track there was a working platform, 
which extended 20 feet back of the rear posts. Just above this plat- 
form, between forward posts, the timber strut of the wind bracing 
was replaced by a 14 inch by 14 inch cross timber, intended as a 
beam to hold the snatch blocks through which the lines from the 
erecting tackles led to the hoisting engines. From the centre of this 
beam plank braces to the bottom of the posts completed the trans- 
Terse wind bracing. A similar, but lighter construction, was used b^ 
tween rear posts. This arrangement left a clear space for a central 
track, on which material was brought forward as required. 

The various features of construction, and the assumed wind 
pressures and resulting stresses are shown on Plate No. 17. 

Two 24 inch I-beams were placed across ihe traveler over for- 
ward and rear posts, those in front resting on the outer 7 inches by 
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12 inch sticks. These beams projected on each side far enough to 
give support to the top trusses, which were placed 24 feet apart, 
centre to centre. 

The anchor rods, from the back of the top trusses, were fastened 
to the sills of the traveler. The weight of the booms, overhanging in 
front, together with tackle, etc., was only slightly overbalanced by 
the weight of the rear portion of the traveler, including the empty 
engine platform. The estimated weight of the foot of each rear post 
was 3,000 lbs., and at the foot of each forward post 57,000 It)8. 'i't^^ 
weight of the boiler, engine, etc., gave sufficient excess of weigWon 
rear posts to make the traveler safe when moving. The traveler 
ran on eight 24 inch double flanged wheels, two under each corner, 
the weight on each forward wheel being approximately 30.000 ibs. 
Double lines of rails, on each side of the bridge, were supported by 
ties laid on double stringers of 20 inch I-beams belonging to tbe 
outer roadways. These were bolted between the floor beam webs, 
and removed when convenient after the traveler had passed over 
them. 

When the traveler was in use, short anchor rods fastened rear 
ends of sills down to the floor beam underneath, and iron wedges 
were placed under forward truck castings to prevent excessive load- 
ing on forward wheels and axles. 

A study of all the possible combinations of members, during 
the assembling of the cantilever spans, was made to determine 
the maximum loads on overhanging beams before top trusses were 
designed. It was found that an anchorage re-action of 73,000 lbs. 
would be required at the rear end of each top truss. 

The two top trusses were braced horizontally with timber struts 
and diagonal rods, the cross struts arranged to give support tor 
tackles in addition to that provided by two inch U bolts. 

There were two engines, placed tandem, on the working plat- 
form, each having two 7 inch by 12 inch cylinders, and operating 
two shafts with a spool at each end, or eight spools for the two 
engines. A 20 horse power upright boiler furnished steam. 

The heaviest single bridge members weighed 12 tons each. Tbe 
tackles for lifting these were of 2 Inch diameter Manilla rope, rove 
in 16 Inch triple blocks. 

The traveler, though designed especially for cantilever wort 
handled the three spans on the falsework very well, and was especi- 
ally convenient in laying the floor system ahead of its travel. 

In order to load the falsework gradually, the traveler advanced 
from pier to pier assembling the floor system, lower chords and 
vertical posts, and then returned to Its starting point and went 
forward once more assembling the top chords and completing tne 
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span; the top lateral and sway bracing being handled oy a swing- 
ing boom projecting behind. 

Span 5-4 was nnished January 30, 1900. The picture, No. 2, 
taken January 27, shows the span nearly complete, and also shows 
open water (where the ice had been cut), just upstream of the 
scows. 

A small ice-cutting plant had been bought and put in use for a 
few days previous to this, and sufficient ice cut and removed to make 
room for the first movement of the scows about 80 ft. upstream. Up 
to this date there had been very little extremely cold weather, so that 
the ice was only 10 or 12 inches thick and the water free from frazil. 
It was believed that what ice might form in this space before the 
scows actually started oould easily be broken as they were moved. 
Beginning with the night of January 27, the temperature fell and re- 
mained near Fahrenheit for several days. The ice took quickly 
above the scows, beginning above pier 4 and building out toward the 
Hull shore. Just above and back of pier 5 the water remained open, 
and the writer noticed a change in the usual conditions there on reb> 
ruary 2, when the scows were first moved. Previous to this there had 
either been no current at this point or a slight eddy, with chips, etc., 
drifting upstream; now th-ere was a marked current down stream, 
showing that the channel farther out must be obstructed, and, of 
course, with frazil. Moreover^ the water was seen to be full of 
crystals of frazil. This meant more difficulty in moving the false- 
work than had been anticipated; but if the enormous difllculties 
could have been foreseen the start would not have been made. 

About a mile above the bridge is situate the Chaudiere, or Big 
Kettle Fall, of the Ottawa River, with perhaps 1,000 feet of open 
water below, and occasional short stretches of open water, includ- 
ing several lesser falls and rapids for two or three miles above. 

This open water is known as an excellent frazil factory. The 
water used for power in Ottawa and Hull, though taken from near 
the sides of the river, is often full of frazil, which clogs up the racks 
and wheels. The water from the central channel of the river, pass- 
ing through the Chaudiere Itself, would naturally contain a still 
greater quantity of frazil. 

These floating ice crystals, which form when the atmospheric 
temperature in falling approaches or passes below zero Fahrenheit 
over water which is too much agitated for the surface to freeze 
solidly, will be called "frazil** in this paper. 

As the scows were first to be moved directly upstream or end- 
ways, it was expected that they would move quite easily. The 
writer's diary states that, on February 2:— "Scows were moved only 
2 teet. Frazil very deep." This was the first day's experience with 
frazil. It was found to have other dimensions than depth. On 
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February 8 there was rain, followed by three rather warm dajB. 
By February 11 tbe river had risen about one foot, and the frazU 
seemed less /dense. On that day, the scows moving broadside across 
stream advanced 26 feet. This was the record day. Some daja 
only four, five or six feet would be gained. Photo No. 3, taken Ftb- 
ruary 6^ shows th« scows moved about 80 feet upstream as a result 
of five days' work. 

The method of working, which developed after a few days, wa« 
substantially as follows: — 

A few men were kept at work night and day with saws, keeping 
a narrow channel open all around the scows. The surface ice was 
cut each da^y for a width of 15 or 20 feet in front of each scow in 
the direction in which it was desired to move them. This ice was cut 
with saws, and the blocks pulled out on light skids and drawn away 
by horses. Large hoes were made by fastening steel snow shovel 
blades at right angles to long wooden handles. With these the 
frazil crystals were pulled from in front of the scows upon the uncut 
ice, and, as soon as a good sized pile was formed, this was scooped 
up on wooden drag scrapers and drawn away with teams. Tne 
frazil would keep rising to the surface for a time, but, generally 
after a few hours', or, perhaps, half a day's work, there would ap- 
parently be about two feet in depth of clear water in front of the 
scows, about equal to their draft. Orders would then be given to 
move the falsework, but more frazil would rise and fill this clear 
space as soon as the scows started. 

To some extent the idea still prevails that frazil is heavier than 
other forms of ice and readily sinks in water. The old theory of the 
formation of anchor ice by the freezing to each other, and to the bed 
of a stream^ of surface formed needles of ice, has been shown to be 
incorrect by the work of Dr. Barnes, of McGill University.* The 
explanation, given by Dr. Barnes, of the formation of anchor ice, 
as caused by the radiation of heat from the bed of a stream directly 
through the open water and atmosphere above into space, must, it 
seems to the writer, be accepted, and result in more clearly dis- 
tinguishing between two forms of ice that have often been con- 
founded. 

The frazil in the Ottawa River showed no tendency to unite by 
regelation, and none to sink in water. Its tendency to rise is men- 
tioned above, and shows clearly in the annexed photographs. 

The crystals of frazil drawn out on the surface ice turned im- 
mediately white in the cold air^ but remained as separate from each 
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other as particles of coarse salt, the water draining out from b»* 
tween them before it had time to freeze. 

A pike pole could be thrust down into the undisturbed beds of 
frazil more easily than into clear water, as no eftort was required to 
hold it plumb- When released the pole showed no tendency to Hoat 
or rise up, the friction of the frazil crystals holding it steadily In 
position. There was just enough cohesion in the masses of tightly 
packed frazil and, perhaps, adhesion to the bottom of the river, bo 
that with great care about 2 feet in depth at the surface could be 
scooped ofC without bringing up the lower layers. The commotion 
caused by the slight moving of the scows brought new masses of 
frazil to the surface and above the surface, which, rolling up In 
front of the scows, quickly formed a barrier which stopped all pro- 
gress. 

The traveler tackles were used to pull the falsework ahead. 
These were fastened to various scows ; some of the lines were run to 
the engine on the traveler overhead, some to the engines on der- 
rick scow, which was frozen in near pier 5, and two of the fall lines 
were pulled by teams of horses and the men. The scows would 
generally resist the combined pull of all the tackles for ^ few sec- 
onds and then^ if they moved at all, jump forward a few inches and 
then move more slowly until the masses of frazil in front brought 
them to a standstill. 

The tackles, which were designed, with a large factor of safety, 
to lift 10 and 12 tons, were often broken either in the rope, the 
blocks^ or the chains fastening the blocks to the "dead-men" under 
the ice. So that it was estimated that a pull of 150 tons was ex- 
erted to move the scows, often with no other result than a break- 
age. 

It is not believed that the frazil was frozen to the bottom of the 
scows, as once or twice ropes were pulled under them from end to 
end. 

The mixture of frazil and water, on which the scows floated 
about as they would if left stranded on a soft mud flat by an out- 
going tide, offered a similar if not as great a resistance to pulling 
the scows over its surface as the soft mud would have done. 

It is almost incredible that the amount of frazil first encoun- 
tered under and around the scows between piers 4 and 5 could have 
been manufactured and placed there in the few days intervening 
between January 27 and February 2. It is probable, however, that 
the part of the channel between piers 3 and 4 had been filled up 
during January, and that, because of this, the increased current 
near pier 5 was caused, and this increased current in turn quickly 
packed the frazil under the surface ice between piers 4 and 5. 

The small photographs shown on following pages give some Idea 
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of the difficulties encountered in trying to move the floating false- 
work over the beds of frazil, and they also show some of the char- 
acteristics of frazil. View No. 13 shows the space of open water in 
advance of one of the intermediate scows when they were moving 
across stream, and shows the frazil rolling up in front of the 
scow just as it started to move. View No. 14 shows the frazil 
rolling up in front of the forward scow just as it startea 
to move, with considerable comparatively clear water still left 
forward ^f the frazil. The edge of the solid surface ice, on 
which the men stood to work, is shown to be irregularly cut, and 
not so many feet away from the scow at its farther end. The next 
view, No. 15, shows the frazil completely filling the narrower space 
between the scow and the solid ice, and nearly fllling the wider space 
in the foreground. View No. 16 is taken immediately after a move 
of the scows, at a time when the edge of the solid ice happened to 
be parallel to the scow for the full width of the cutting. Here the 
frazil is seen completely filling the space between scow and solid ice. 
In both views 15 and 16 it will be seen that the frazil has been 
forced up above the level of the top of the solid ice. 

Vi^ No. 17 shows piles of frazil and a workman standing away 
from the ropes while the strain of pulling the scows forward is on 
them. View No. 18 shows piles of frazil being shovelled by work- 
men. It is quite evident that the crystals are not frozen together. 

The new position between piers 3 and 4 was reached in the 
afternoon of February 23rd, but, in the meantime, one end panel of 
Howe Truss bottom chord had been pulled off and all the scows 
moved from the correct position under the trusses. To have re- 
paired the damage and replaced the scows in their former position, 
necessitating moving each one through the frazil, would have taken 
three or four days' time, or to about February 27th. Counting from 
Feb'y. 2nd to 27th, including the Sundays and nights to 10 p.m.. on 
which work was done* this would be equivalent to at least twenty- 
six full days' work for moving the falsework through the frazil with 
9. force of about 50 men and 12 to 16 horses. The actual cost was 
about ?3,500.00, including the expense of moving three of the scows 
15 feet each through the frazil to new positions under the truss. 

Before the scows had reached their new position the plans for 
carrying on the work had been changed. The Ottawa River occa- 
sionally breaks up at this point by the middle of March. The shoes 
on pier 4, as described in Mr. Shearwood's paper, had been designed 
with two pins each — the lower pin for the end of the cantilever 
anchor arm, the upper one being the end pin of span 4-5. This ar- 
rangement utilized the weight of half the latter span as anchorage 
for the cantilever and saved in the pier anchorage;^ but it made U 
dangerous to start the erection of span 3-4 so late in the season. 
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when a sudden rise in the river might, with floating falseworfe, 
have wrecked two spans. If the work could have been started two 
months earlier than it was, the scows would have been moved the 
first time through clear water in a few hours. Or, if there had been 
only surface ice to contend with, this could have been cut and the 
scows moved in three or four days. Spans 3-4 could then have been 
finished and the floating falsework taken across to span 1-2 for work 
there during the spring high water, as originally planned. It was 
now decided to rearrange the falsework for span 1-2, and to erect 
part of the material Intended for span 3-4, working leisurely until 
the river broke up, and then move the falsework and partly erected 
span across the river. In order that when erecting span 1-2 the 
soows should be as far as possible from the rocky shore in front of 
and just below pier 1, three of them were moved, one Howe truss 
panel length, or 15 feet 5^ inches toward pier 3, and vertical posts 
placed under the top falsework bents, extending down to the 1- 
beams on the scows. This is shown on the profile view, Plate 16, 
with falsework reversed from its position at 3-4. Even with this 
new arrangement (which had been intended for span 1-2), it had 
been found necessary to blast considerable rock to clear the Inshore 
scow. This work had been laid out and finished in January. With- 
out working under water, the rock could only be taken down to 
elevation 94. Hence, with the scows drawing 5 feet the one next to 
pier 1 would still ground, with water at elevation 99. 

The top falsework was now cut down 5 feet shorter, and 5 feet of 
blocking put under the Howe trusses on the scows. A "Jacking rig'* 
had been added to the Howe trusses, which is shown in Plate 16. 

By means of this, aided by pumping water into and then out of 
each scow, the trusses had been Jacked up for this blocking, just as 
it was intended later to jack them down. About 3 feet were cut off 
the Howe truss chords at the end next to pier 3, and the falsework 
moved in that direction so as to clear the double shoe on pier 4. 
The erection of what should have been span 4-3 began March 11 and 
progressed until April 2, when as much material was assembled as it 
was thought safe to bring across the river. 

It happened that the break up in the Ottawa River came late in 
1900. The photo No. 4 taken April 2, shows the partly erected span 
and solid ice and piles of frazil still around the scows, end it is 
possible that span 4-3 might have been erected without accident. 
Had such an attempt, however, been made in 1898 or 1900 it would 
have certainly resulted in a wreck. In 1898, the rise began March 
10th, and culminated March 19th. 

The erection men were now put at work on the trestle ap- 
proaches. The river began rising soon after this, and the ioe went 
out April 15. On the 19th the derrick scow was towed across the 

5 
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river, and, on the 21st, three tugs took the floating falsework across. 
This was first pulled down stream and turned end for end, then towed 
upstream and across to just above its new position, and then dropiK-d 
Into place between piers 1 and 2. The photo No. 5 shows the fake- 
work, with part of span and traveler, as it crossed the river. Photo- 
No. 6 shows the falsework between plws 1 and 2, with the metal 
work above the top of pier 2. 

The water was now at elevation 101. One of the 12 ton Btlff- 
leg derricks had been set up just back of pier 1. This lifted the 
material off the derrick scow, as the latter brought it over from Hull, 
and landed it on the track on span 1-2. This span was connected 
May 21. when the work of jacking down began with a small force. 
About 10 inches of blocking at a time was taken out from over eacH 
scow, water being pumped into the scow to help the jacks and then 
pumped out again. 

The river rose this year only to 105.5 (the extreme high water 
mark is 115.4), and was again down to elevation 101 when the span 
was landed on the masonry. May 29th. The span is shown resting 
on the piers in photo No. 7, taken May 31st. 

In the meantime there had been exciting episodes connected with 
the great Ottawa-Hull fire. On the afternoon of the fire square 
piles of blazing boards came floating down the river^ but the up- 
stream wind held them back, so that what fire remained when they 
reached the scows was easily extinguished by throwing on water 
from buckets. There was a great deal of debris in the river alter 
the fire, and one iong and heavy boom floated down and tied itself 
all round the scows one Sunday morning, when it was difficult to 
get tugs to pull it away. 

The falsework was held in place by chains and anchors and t)y 
pier harnesses made of 14 inches by 14 inches upright timbers fas- 
tened to the piers by a system of rods and timbers running com- 
pletely around the stone work. These are shown in photo No. 4. 
The uprights were spaced about 27 feet apart in the clear so that 
the Howe truss chords could move up and down between them. W 
chords were kept wedged against the harness timbers, the watch- 
man loosening and re-adjusting the wedges occasionally as the 
water level changed. 

On June 2 the unloaded falsework was moved back to between 
piers 3 and 4. The traveler remained at work on the cantilever erec- 
tion, finishing this to centre of suspended span on July 10th. The 
progress of erection to June 23rd is shown in photo No. 8. On July 
11th the work of takihg down the traveler began. The top trusses 
were lowered to the derrick scows complete^ and after that the tower 
in pieces. This work was finished at noon of the 16th, in 4% work- 
ing days. 
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The erection of the traveler over pier 4, at the end of span 5-4» 
began on the 17th and was practically finished on the 21st- On 
Monday, July 23rd, engines and tackles were raised, and erection of 
span started in the afternoon of the 24th. Photo No. 9 shows span 
6-4 finished and cantilever erection started August 30th, 1900. . 

There is nothing of special interest to describe in the rest of the 
work except the method of making the final connection in the centre 
of the cantilever span. No wedges had been arranged in the trusses, 
as it was known that the floating falsework would be on hand In 
case of need. There were adjustments for length in the chords, at 
1113 for tension and L13 for compression.* Shim plates were inser- 
ted at these points to give the length of half spans, which, it was 
thought, would enable connections to be made at what would be the 
average temperature at the expected time of connecting, about 
October 1. The temperature at this time was lower, and the central 
opening was found to be about one inch greater than had been 'cal- 
culated on. On Saturday, October 6, the floating falsework, with 
enough water pumped into the scows to give about 4 feet draft, was 
brought out under the suspended span. Blocking was inserted be- 
tween the falsework and the panel points of the span, and the water 
partly pumped out of the scows on Saturday night. On Sunday 
morning the pumping was flnished and the weight of the span lifted. 
The adjusting yokes at U13 were loosened, and the shim plates re- 
moved at both U13 and LI 3. The half spans were then jacked to- 
gether and the last pins driven about 11 a.m., October 7th. Water 
was then again pumped into the scows, and on Monday, October 8th, 
they were towed to moorings on the Hull shore, where the work of 
dismantling the top falsework and Howe trusses began, the mater- 
ial being piled up on the scows and taken on board the latter back 
to the shop at Lachine. 

The progress of the cantilever erection to September 18th is 
shown in photo No. 10. Photo No. 11 shows the falsework under the 
suspended span while the last pin was being driven,' October 7th. 

Concerning the cost of the work, a few items only can be given. 

The falsework scows cost about ^2,400 each, and were readily 
sold at two-thirds their cost. The cost of moving them through the 
frazil has already been given, |3,500. This wls an unusual and un- 
expected expense. The Howe trusses were easily taken apart, and 
the material in them was of considerable value for other work. A 
suitable falsework span, at least 200 feet long, for use between piers 
1 and 2, and which would, necessarily, have been erected on shore 
and floated into position, would probably have cost nearly as much 



♦See Plate 15 Shearwood's paper. 



204 Erection of the Alexandra Bridge. 

as the falsework used for the three spans. The floating falsework, 
if it could have been moved before the appearance of frazil, would 
at least have saved the cost of the heavy bents that would other- 
wise have been required for spans 3-4 and 4-5- 

The superstructure was designed in the office of the Dominion 
Bridge Co., Ltd., Phelps Johnson and G. H. Duggan. Members Can. 
Soc. C.E., respectively Manager and Chief Engineer, and F. P. Shear- 
wood, Asso. Mem.^ Assistant Engineer, in charge of computations 
and drawings. Jas. Finley was in direct charge of men employed on 
erection. 
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